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JOSEPH LEIDY, M. D., LL.D. 

By pEitMiroii FuAZKii, riiiladelphiti. 

There is no more striking difference between the past and present 
generations of scientific men than the universality of the knowl- 
edge of the gre^itest men of the past and the absence of any pre- 
tension to it in our present representatives. It could not be other- 
wise. In classic times as well as in the middle ages the distinc- 
tion l>etween words and things wiis not always clearly made. The 
same class of mind which would successfully grapple with the 
paradoxes of the schoolmen was (Hjually serviceable in s^>eculations 
on the philosopher's stone, the existence of phlogiston, or the inter- 
pretation of a Greek text. Wonls were all important, the methods 
of logic were conventional, and no extraordinary memory was re- 
quired to master at least in outline all that man had attained; 
while the discussion of this knowledge could always be tumeii into 
the channel of the then philosophy, after which the battle was en- 
tirely with words and a skillful word-fencer could never be silenced 
however little progress he made in convincing his opponent. 

With the closing half of the last century, however, metho<ls 
were improved, the numl>er of facts increased in geometrical pro- 
gression with the y(^ars, and out of chaos and clamor, orderly 
classification and definite shapes were Qvoloved, each one requir- 
ing a different interpretation, claiming different classes of men. 
and requiring different instruments of precision. As the paths of 
reseiirch diverge<l it became more and more diflftcult for any one 
man to understand all the regions through which they passed, and 
one by one the philosophers l)ecame specialists. In the early 
part of this century the enormous development of natural and ex- 
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peri men till science caused the strain ever to increase on those who 
would keep abreast of all departments of research, but still there 
remained the llumboldts. the Ilerschels. the Faradays, the Reg- 
naults, and in this country the Baches, the Lecontes, the Leidys 
and some others. Joseph L(»idy was almost the sole survivor of 
that class of intellectual giants which schemed to 1k» able to assimi- 
hite as much as Scienct* in her many forms could produce. Such 
a race could not exist forever and it has passed away with him. 
After him there an; only specialists in one or more subjects, and 
*!;eneralizers who seldom come nearer to the truths of nature than 
their description in a book 

The father of Joseph Leidy. Philip, was Ijorn in Montgomery 
county (one of those adjacent to the county which is the city of 
Philadelphia). December oth, ITIH and moving in his youth to 
Philadelphia successfully pursued the business of a hatter. 

By Catherine Melick he had four chiUlren of whom the subject 
of this sketch was next to the youngest. Through the death of 
his mother and tin* marriage of her sister by his father during his 
early infancy, Joseph only knew this kind stepmother who was 
as watchful of him as his real mother could have been. lie was 
i'ducated at privaU^ schools and early evinced interest in natural 
objects and exhibited that talent for drawing of which he made 
such adniiral)le use to the last period of his life. An acci- 
dental opportunity to visit a drug shop, was taken advantage of 
by him to perfect himself in pharmacy in a very short time, while 
the dissection of some domestic animals turned his attention to a 
study which he was destined to link closely with his name. He Ix*- 
gan the study of medicine in lS-12. in the University of Pennsyl- 
vania at 1!>. and in 1844, received the degree of M. D., and in 
1 845 was appointed Prosector to the chair of Anatomy, under 
Prof. Horner. In 1848 he went to England, France and Germany 
with Dr. llorner, and again in 185(1 with Dr. ( J eorge ]^ Wood. 

He had been elected a member of the Boston Society of Nat- 
ural History, and the Academy of Natural Sciences in Philadel- 
phia in 184;"), and of the American Philosophical Society in 1849 
In 1852 he was appointed in Dr. Horner's place professor of an- 
atomy having been elected to the College of Physicians the year 
previous. On the outbreak of the civil war he was appointed 
surgeon of the Satterlee hospital in l^hiladelphia. In 1864 he 
married Anna Harden. During the succeeding years, thickly 
.strewn with contributions to science of the highest value, he re- 



ceived many honors from American and Kuropcan sciontiflc so 
(tieties. The long H.st of them will be found in the careful and 
admirable memoir of Dr. H. C. Chapman in the Proceedings of 
the Academy of Natural Sciences for June :50, ISIU, to which 1 
am indebted for the statistical information as to his early life 
given alM)ve. 

Among these honors, however, his unanimous and enthusiastic 
election as President of the Academy of Natural Sciences in 1881 ; 
his installation as Director of the Biological department of the 
T'niversitv of Pennsvlvania in 1884; his election as l*resident of 
the Wagner Free Institute of Science; and the degree of liL. D. , 
which he received from llarvanl in 188(); the gift of the Walker 
prize of $500 from the lk>ston Society of Natural History raised 
to J?^l,iM>0 as a special recognition of his great services to science; 
the prize of the Royal Microscopical Society in 187J>; the Lyell 
medal b} the RoyaH Geological Society in 1884; and the Cuvier 
medal from the Aca<lemv of Sciences in l^aris in 18SS should not 
>je forgotten. 

Dr. Leidv was eUn'ted a member of the National Academv of 
Science in 1884. 

The bare enumeration of his published works extensiv<» in 
length and in variety though it be, would give those who had 
never s(»en this great naturalist no idea of the man or of the 
soun*e of this combination of versatility and accuracy which ren- 
dered almost everv observation he made directlv or indirectlv an 
addition to science. In all that pertained to the acquisition of 
facts au<i to coc^rdinating them afterwards he mode of himself a 
perfect machine in .so far as he was insensible to and unaffected 
bv the ordinarv passions of ambition or rivalrv which influence 
even the best scientists. He had a marvellous eye for noting 
the minutest phenomena and appreciating the most insensible dif- 
ferences; he had an unusually retentive memory for recording 
and keeping in order the vast fund of his observations and the 
reconls of those made ])v others; and he was conscious of the 
limitations of pure inductive philosophy to an extent which made 
the conclusions reached bv him safe. It is usuallv said that he 
never made an enemv. This seems to be too much to sav. for ene- 
mies are made by the very fact of superiority, and no doubt this 
great man had them, but if so they were prudent enough to refrain 
from declaring themselves. He would never ([uarrel, and his de- 
sire for |>eace at all hazanis would have subiected a less earnest 
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and piirt* mindeil man to the charge of fack of tenacity, hut those 
whose cause he refused to espouse although he thought it just, gave 
him credit for a higher motive for his action. As an instance of 
the extreme delicacy of his vision, by a single glance through a 
glass case in one of the great University museums of this country 
he detected as imitations a number of specimens of so-called quartz, 
which had Imen purchased, examined, and monntetl by the pro- 
fessor of mineralogy us genuine. When these specimens were 
removed fn)m the case and carefully tested it was found that those 
and only those which he had indicated were artificial. 

lie has tohl us of the prosecution of his study of Rhizopods 
when he expected an Anneba-like muss to break into two, or un 
enveloped diatom to lie t^xtruded, and the patience und endurunce 
required to keep the* eye ut the instrument for hours wuiting foru 
change that would occupy but a few seconds. He would wait und 
would see the phenomenon while a student with much more time 
ait his disposal would have* grown tired and missed it. 

In the Hruzilian department of the Centennial Exposition were 
many valuable tourmalines, diamonds, topazes and beryls together 
with a large amount of nearly worthless material. This was put 
into the hands of the writer for detcrminati<^>n und urrangement. 
He well remembei^s the glance of Dr. Leidy ut u lurge nuiss labeled 
beryl and his suggestion that it be more closely i»xumine<l to de- 
termine if it were not a white topuz. The size of the specimen as 
well as its color had deceived the American geologist who had 
shippeil it from Brazil, und the writer. Hut subsequent investigation 
pro>^l it to be in fact a white topjiz und the lurgest then known. 

Dr. Leidy was a nire example of a simplicity of churncter 
which neither u<lulation nor adversity could tarnish. 

In his verv early life a less sincerely devoted student of science 
would have had his heud turned by his rupi<l pmmotion, V>y the 
unusuul confidcMice und liking of his superiors, und most of ull by 
the extruordinarily flattering attention of the social world, but ht- 
was not si>oil(Hl. lie probably noted his sensations on those oc- 
ctuiions us so many psychological exiH»riences. 

Scientific men in ull countries, very generally despise conven- 
tionalisms of dress, conversution, und curriugc* un<l there is a cer- 
tain external ivsemblance b(»tween them all. Dr. Leidv was one of 
the Ix^st Americun representutives of the scientific cluss in all these 
respects. A splendid head with kind expression, set upon broad 
stooping shoulders, a det*p chest to which an armgenendly pressed 
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lKK>k8 or papers while the other hung free at the side; a 
straight toed walk with a sailor's swing from one side to the other 
at each of his long and easy strides; these things made him 
noticeable anywhere. People who knew him but slightly would 
go out of their way to wish him good morning, and would feel a 
touch of satisfaction at receiving his always heart}' response. There 
is a beautiful conservator}' in Philadelphia, on Chestnut street, 
near Twelfth, where he often stopped to admire the exquisite flowers 
which the generous owners expose to the delectation of their fellow 
citizens. The lucky acquaintance who joined him at such times 
was treated to an ex^wsition of the peculiarities and beauties of 
the various flowers which ran as smoothly and unconsciously from 
him as if he were simply discussing the weather, but which opened 
new vistas of a<lmiration, both of him and of the works of nature 
in his listener. 

For years he was accustomed to pass a part of every Sunday in 
the mineral cabinet of the late Richard L. Vaux and after Mr. 
Yaux's death in that of Mr. Clarence Bement. Many were the un- 
sound determinations set right and many the fruitful discussions 
over minerals and everything else. 

Like the true naturalist that he was, he bequeathed his l>ody to 
his colleagues in the interest of amthropometric science, his friends 
and pupils Dr. Harrison Allen and Dr. Francis X. Dercum having 
extracted, weighed, measured and preserved that wonderful brain. 
His remains were cremated, and thus passed from earthly form 
one of the loveliest, wisest, and gentlest x>f men. May his exam- 
ple lie of service to us all. 

Xotk: — Since Avrlting the above I am indebted to the nephew of the 
subject of this sketch, himself an eminent phvHician, for the following 
additional facts: 

* * "The weight of the brain was 45 J^ oz., somewhat smaller than 
normal, and the appearance of the surface presented an unusual increase 
in the convolutions. No microscopic examlnatioo has as yet been made. 
The points of pathological interest were the presence of a hemorrhagic 
pachymeningitis on the right side and an unusual hardness of the bl(K>d 
vessels at the base due chiefly to atheroma. By a singular coincidence 
the brain of my father (Dr. Pliilip Leidy who died within a few hours 
of his brother, P. F.) weighed exactly the same to a grain and presented 
very much the same microscopical appearance, showing a decided fam- 
ily trait. They both suffered from aourism, Dr. Joseph Leidy of the 
aor^a and Dr. Philip Leidy of the heart. In all my experience, which 
has been large, at the post mortem t ible, I never saw the blood vessels 
at the base of the brain so large and hard. They were typical pipe stems." 

Id a subsequent note, he adds: "Dr. Harrison Allen assisted by Dr. 
Dercum, as representatives of the antbropomoric society, performed the 
autopsies in both cases. Drs.'Wm. Hunt, J.J. Levick, John Packard and 
Joseph Leidy, Jr. fthe writer P. F.) were present. * * Both bodies 
were cremated In tne Germantown crematorv.'* 
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THE CHEMUNG AND CATSKILL ( UPPER DEVON- 
IAN) ON THE EASTERN SIDE OF THE 
APPALACHIAN BASIN. 

By John J. Stevknpon, N»»w Y(»rk. 

I VIco-Profciidential ad(lr*»i*K deliven'd before Section K, Aiiiorioaii AnKK-iation for tli»' 
Advancement of Science, at WaHhington, August, \^\.\ 

I have* cliosoii us a topic, tlie (Miemung and Catskill on the 
eastern side of the Appalachian basin, indicating l>y this term the 
area l)etween the Bhu» Ridge region at the east and tlie line of 
the Cincinnati uplift at the west. It eml)raced as a water-area 
during the later Devonian mu(^li of Xew York, IVnnsylvaniii, 
Ohio, Virginia, West AMrginia and eastern Kentucky. There is 
reason for the lK»lief that the southern outU^t through (»astern 
Tennessee was closed during this tinu». so that communication 
with the ocean was at the west. 

The Upper Devonian on the eastern si(k» of this area has al- 
ways attracte<l its full share of attention. Paheontogically. it 
has intimate relations with the Lower Devonian and in some r<*- 
8i)ects close relations with the Carboniferous, so that its place in 
the column rennuns even now. for some, an opcm ([uestion. The 
ecpiivalence of Upper Devonian within the Appalachian basin to 
that bevond the line of the (Mncinnati uplift is still a sutticientlv 
perplexing matter; while the origin and grouping of the beds 
within the basin itself are far from being finally settled. 

The earliest iK)sitive reft»rence to the Old Red sandstone is that 
by Amos Katon,*^ who in 1H21 regarded the red sandstone of X\w 
C»atskill mountains as tvpicallv the same with the Old Red sand- 
stone of Werner and as distinctlv ditT<»rent from the Re<l sandstone 
of the Connecticut A'allev; at the same time recognizing its rela- 
tions with the (^irbonifcrous and placing it in the Transition series. 

Marcou statest that J^ichard (\ Taylor published a paper in 
1S31. discussing the relations of the OKI \\{}i\ sandstone to the 
CarlM)niferons: the sanu* author! in a later paper exhibits clearly 
the place of the I^»d sandstone in central IVnnsvlvania and its 
relations to the overlying (^irlH)niferous. Ife appears to inchule 

♦Memoirs of the Board of Agriculture of the State of N. V., vol. ii, 
Albany, 1828, p. 0. The letter to 5lr. Vau Rcushelaer is dated Dec. 17th. 
1821. A similar referenco was made in a Geolovioal and Agricultural 
Survey of the District adjoining the Erie Canal, Albany. 1S24, p. 02. 

tGeolo^ry of Xorth America. Zurich, 1858, p. 114. This paper by 
Taylor 1 have not seen. 

JTaylor. Transactions of the (icoloirical siK-ietv of Pennsvlvunia. 
Phila. 18:55, vol. 1, p. HT. 
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it in the Secondary with the coals west of the Alicj^hanies, thus 
separating it from the gniywackes below. . 

The first systematic classification of American rocks older than 
Carboniferous was presented in 1830 l)y IT. D. Rogers,* who 
place<l in two groups the beds between the '^ fossilifen>us sand- 
stone/' (orOriskany, as we now know it) and the Lower Carl)onif- 
erous sandstone (A^espertine or Pocono of later classifications.) 
These groups, Nos. VIII and IX of his coUinin were distin- 
guished from the (.Carboniferous, which he divided into four groups, 
afterwards numl)ered X, XT, XTl and XIU. Tlie same classifica- 
tion, with rather more of detail, was repeated in the Second 
Pennsylvania reportt, as well as in the Second Report of W. B. 
Rogerst on the survey of Virginia. 

No distinct effort to subdivide the upper portion of the Devonian 

column of New York was made prior to preparation of the Third 

Report of the (leological Survey. In that report Mr. Conrad? 

defines the -^Old Redstone Group ( Murchison )' as embracing 

1). Olive .sandstone. — Old Red sandstone ? 
^ ( Dark-colored shales. 
( Black slate. 

thus carrying it down to the base of the present J lamilton. In 
the same report. James llall|| introduced the term ••(Miemung" 
for gray beds in (Miemung county, overlying those of his Ithaca 
group. 

The fourth report contains Vanuxems description*^ of the 
series in his district, giving ji compU^te grouping of the higher 
rocks and placing the Montrose or Oneonta sandstone at the top, 
of the column. The same report contains the general classifica- 
tion bv Prof. llalP^ in which the terms. Old Ked sandstone, 
Chemung group. Portage group occur in the ordt?r given. One 
3"ear later Mathertt used the term •-Catskiil Mountain Series" to 
designate all the rocks of the Catskill mountains from the Lower 
Carboniferous sandstone ( Pocono) of Rogers down to the base of 

♦First Annual Report of iState Geologist, Ilarrisburg, 1830, pp. 13 to 15. 

tSecond Annual report on tlie Geological E.xploration of the State of 
I\»nD8ylvania, by II. D. Rogers, Ilarrisburg, 1838. 

JSecond Report of Progress of the Geological Survev of Virginia for 
the year 1837. W. K. Rogers; 18;^S, pp. 75-80. 

gAssembly Document, No. 275, Albany, 183l>, p. VI. 

|Loe. clt. 1). 322. ^Assembly Document, No. 50, 1840, p. 381. 

**Loc. cit. pp. 452-453. 

ttAssembly Document, Xo. 150, 1841, pp. 77-82. 
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the Miircellus shtilo, thus making it equal to Formatious VIII, 
IX and X of the Pennsylvania column. The term (.^itskill group 
appears for the first time in Vanuxem's* final rei)ort, where it is 
used to designate the rocks at the top of the Devonian, which 
are regarded as fully equalling in importance the underlying 
Chemung and Hamilton, forming his Erie division : so that the 
Krie and Catskill are (^[uivalent to the VI IT and IX of Rogers. 
No line of demarcation between Erie and (^at.skill was determined. 

Hallst final report appeared one year later and contained the 
grouping which has remained unchanged: 

Old Ked sandstone or C\itskill. 
(Miemung group. 
Portage group. 

Fifteen years later appeared the final reiM)i1 on the (jeologyt 
of Pennsylvania, in which Chemung and Portage are called Ver- 
gent, and the Catskill is the Ponent of the palaeozoic column. 
This report took shape long after the original coq)s of observers 
had been scattered and the fiehl-note books were not worked up 
in all cases bv those who had made them; so that the stat<^ments 
are sometimes obscure and local details are too often perplexing 
to readei-s not familiar with the ground. Little additional sys- 
tematic information became available after the publication of 
Kogei-s* final n»port until the results obtained by the StHX)nd 
(Jwilogical survi»v of Pennsvlvania became known. 

The studies bv assistants on the Second Pennsvlvania Survey 
were very much in detail, owing largely to the immense economic 
►importance attaching to the upper jMirtion of the Devonian col- 
umn. IJut this detailed study, though leading to close concord 
in record of stratigraphical work, has led to wide difiference of 
opinion in respect to lines of separation bi»tween the groups. As 
the area of Pennsylvania is large, great variations exist in 
physical characters of rocks and in vertical distribution of fossils, 
so that difference of opinion arose to a greater or less degree 
respecting the limitations of every group; but the ditference is 
especially noteworthy in the case of (^atskill and Chemung, for 
one observer carries the upper iMiundary line of (Miemung almost 
2,000 feet further up in tin* column than is <lone by another. 

♦Geology of New York, part 1 1 1, Albany, 1^^4*2. p. 12. 
+Geology of New York, Part IV. Albany, 1843 pp. 18-lU. 
JGeology of Pennsylvania, H. 1). Rogers, Philadelphia, 18o><. 
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One observer coming from the northeast along the easterly out- 
crop of the Devonmn finds good reason to mark Catskill as be- 
ginning with the first appearance of re<l shales, while another 
<?oming from the west and south thinks that Chemung should 
close only with the final disappearance of the marine fauna. AVhen 
these observers joined their work, their sections were in practical 
agreement, but were lalx»led very differently. 

The uncertainty respecting the relations of Chemung and 
Catskill is due in no small degree to the fact that the earlier 
studies of those groups \v<^re made in New York and adjacent 
I)Ortions of ]\»nnsylvania, without much knowledge of the con- 
ditions elsewhere. Ha<l the study been l^eguu at the south in 
A'irginia, then carried northward along the easterly outcrop 
through Virginia, Maryland and Pennsylvania into New York; 
then begun again in western New York or Pennsylvania and 
carried eastward to the outcrop, many difficulties, now apparently 
so formidable, would have l)een unknown and the problem of re- 
lations, seemingly so perplexing, might have been easy of solu- 
tion. At this time, however, the study can be prosecuted to 
better advantage than was possible even ten years ago, for the 
oil-l)orings of western I'ennsylvania enable one to trace the beds 
through that region also, where in some localities they are more 
than 2,000 feet below the surface. Let us follow, then, the 
courses indicated, depending on the work of 1. C. White. J. H. 
CaiU and C. A. Ashburner in Pennsvlvania. and that of J. J. 
Stevenson in A'irginia and Pennsylvania, with references to the 
work of James TIall and Tl. S. Williams in New York. 

II. 

In the southwestern portion of Virginia, near the Tennessee 
line, the Devonian is represented only by black shale,* belonging 
at the liase of the Hamilton ; but within a few miles the Hamilton 
shows a greatly increased thickness, t while between it and the 
Lower Carboniferous there are 350 feet of rock carrying Chemung 
fossils to within fifty feet of the top. The fossils are most 
abundant in a red or bluish rock with conchoidal fracture, which is 
the same in all respects, physically, with some non-fossiliferous 

*Steven80u, Proc. Amer. Phil. Soc. vol. XIX, pp. 228, 23a, 24:5. 
tStevenson, I*roc. Amer. Phil. Soc. vol. XXII, p. 130. 
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liecls iiighcr up in thi^ section. Within sixty miles along the 
strike, this '550 fe<»t hiis developeil into a great series with well 
marked horizons in the lower part,* while the upper part litis 
l)ecome flaggy with not a few massive Iwds. The sueec^ssion now 
is, the thicknesses Iwing estimated, 

1. Xot fully exposed, contain in. ir much red sandstone 700' 

2. Cod iihntw rate 40' 
8. Shales and sandstone 1,000' 

4. CoHfilomeratr IW 

5. Shales and flags 1,500' 

Hut the No. 1 of the section contains gray !)e<ls in the lower 
portion, which, in some localities, have yielded Chemung mol- 
lusks at not less than 300 feet alK)V(» the conglomerate, while on 
New river, A'a., where the thickness is somewhat greater, Che- 
nuing forms wen» seen at al)out 500 feet aV)ove the conglom- 
erate. Hut the reddish beds which prevail toward the top seem 
to \w non-fossiliferous. The tint of these IhhIs becomes more 
and more* pronounced towanl the northeast, until in Catawba 
mountain, somewhat more than twenty miles southwest of James 
river, they have the dismal red and grc^enish color, so chameter- 
istic of the series along the Potomac. And yet, in McAfee's gap, 
only (Mght miles northward, Spfn'/rm tUsJmufti and some other 
(Mieuuing forms occur very near the top of the series, within a 
few feet of the A'espeiline ( Pocono) sandstone. 

The other parts of the s(»ction c:ui be observed at many places; 
the upper conglomerate ( No. 2 ) (contains tiat pebbl(»s, which 
frecpiently show the longer axis vertical to the plane of be<lding; 
No. W contains concretionary sandstones passing downward into 
shal(\s. with brown, bhu» and red to de(»p hmI tiags and flaggy 
sandstones. Chemung moUusks are ('specially abundant near the 
top. The lowest division consists of tiags and shales, olive, gray, 
vellow, blue and <lrab, with but few fossils. 

This is the section to James river, somewhat more than loO 
miles from the Tennessee line. Oetails of mejtsured sc^ctions 
made in reciMit vears between the .James and Potomac rivei*s, a 
distance of not far from 2iM) miles, have not been published: but 
Wi» need not wait for detailed measurements in this interval. Ob- 
servations by the writer nnd bv others at manv localities 
have proved the .section pei*sistent : and tin* .sanu» succession 

♦Stevenson. Anier. Phil. Soc. Pro<-. vol. XXIV, p. si mh{. 



is shown along the Uultimore and Ohio railroad as it follows 
the Potomac river. Of course there are variations in struct^ 
ure; Mr. N. II. Darton tells me that the conglomerates are 
wanting in the section near Staunton, Virginia, but this is merely 
local as they are present elsewhere. Further north, the upper 
beds, or Catskill, have an increased proj)ortion of shale, often 
blood-red, *and the sandstones show a more niarkinl conchoidal 
fracture, while the whole section has a yjreatlv increased thickness. 
The Fennsvlvania line is reatOied hut a few miles north from 
the Potomac along the outcrop. (Vossing that line, o\w enters 
Fult(m countv, where the succession is:* 

1. Catskill. Shales 1,000 

Sandstone and shale 2,100 ' :3,700 

2. ('iiK>n'N<». Shales 1,000' 

Upper conglomerate 10' 

Shales and sandstone U50' 

[A)irer conqlomernie 10' 

Shales an(l flairs 1 .SoO ' :5,8eo 

The close re.seml)lance to the A'irginia section is apparent at 
once, the most notable change Innng simply the great increase in 
thickness of the upper portion. The upper Catskill consists for 
the most part of soft deep red shales with occasional sandstcnies; 
but the lower Catskill is made up of brownish or greenish to red, 
cross bedded, almost laminated snndstone. often looking as 
though it were worm eaten. Sometinu^s a large fragment re- 
mains on a hill top, resembling much a pile of thin boards. 
Occasionally more ma-ssive sandstone prevails, as along the 
Juniata river in central Bedford county of Pennsylvania, where 
no tendency to lamination was seen. The (\itskill appc^ars to be 
wholly non-fossiliferous along th(» eastern out(^roi) from central 
Virginia into New York. 

The absolute limit between (^itskill and Chennuig is indetermi- 
nable, for the passage from one to tlu? otlu»r is practically imper- 
ceptible at most localities; the line drawn at any locality, whether 
on stratigraphical or on paUeontological grounds, is almost certain 
to Ik* unsat is facto rv at anv other. In Fulton count v, however, 
a marked lithological change occurs at about 1,000 feet above 
the Upper Chemung conglomerate, for there the alternations of red 




original. 
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unci yellow shales eea.se and the flaggy, almost laniinaliKi, red sand- 
stones begin. The last horizon of Chemung mollusks was found 
at 200 feet lower, wheix?, at approximately 800 feet above the 
conglomerate*, the writer orginally drew the line between the two 
groups. 

The interval between the conglomerates is filled with yellow to 
red shales and gray, brown, blue or red sandstones; the red l)ed8 
form an insignificant ix>rtion of the section. Init such as are pres- 
ent are strikingly like Catskill, for the shales are often l)right 
red and the sandstones cross bedded or in thin flags. Many of 
the beds in this interval are richly fossiliferous and the important 
horizons of Chemung lamellibranchs are at but a little way be- 
low the upper conglomerate. The lowest beds of the Chemung 
are shales and flags; the shales overlying the flags are yellow, 
gray, olive, dark brown and reddish; while the flags, which doubt- 
less represent the Portage of New York, are almost wholly olive, 
and, unlike the overlying shales, appear to be very sparingly fos- 
siliferous. 

Beyond Fulton count}' northward into New York, we must de- 
])end almost wholly upon the work of Prof. 1. C. White, who has 
demonstrated the stratigraphical relations of the beds under con- 
sideration to those of the Catskill area of New York, and has told 
the story with such clearness that there is no opportunity for any one 
to cavil. Ilis grouping of the rocks, however, ditfers from that 
111 ready given; he prefers to include as Catskill all beds down to 100 
feet liclow the upper conglomerate, which is the lowest horizon at 
which he found fish remains: he regards as transition the l^eds be- 
low that fish bed to the lowest red l>ed. 15(1 feet alK)ve the lower 
conglomerate, and applies to them the term Chemung-Catskill: 
while the remaining beds of the section are taken by him to rep- 
resent the Chemung and Portage of New York. He identifies 
the Upper (Miemung conglomerate of Fulton county with his 
LiU'h(iira.nn conglomerate of the* New York lx)rder and he gives 
the name of A/fnfn'pjHis to the lower conglomerate. 

The succession in Huntintrdon count v. Pennsvlvania,* is : 

*I. C. White in Geologjr of HuotingdoQ County, Harrisburg, 1885, pp. 
D2-104. Ab given here ?so8. 1, 2, and 100 feet of No. 8, of the Chemung 
belong to Prof. White's C-atskill; the rest of No. 3, except 150 feet at the 
base forms the Chemung-Catskill of the same author. All nectious along 
this outcrop, quoted from Prof, White, have been re-arranged in this 
wav. 
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1. Catskill. 2,500' 

2. c if em uno. 

1. Haun's Bridge group 1,000 

2. £<((TX!atrax«» conglomerate 20' 

3. Sandstoues and shales 1,000' 

4. Alleyripputt conglomerate 5' 

5. 8hales and flags 3,250' 4,675 

The Hauu'8 Bridge group consists largely of greenish gray 
sandy sliales and flags with some red beds, and holds from bottom 
to top Chemung moUusks, some of which are very abundant. 

Prof. White's measurements near Catawissa. in Columbia 
county, Pennsylvania, al)out sixty miles further along the strike, 
show the section still i)ersistent, the succession being:* 

1. Catskili., 3,23(r 

2. CnEMUN<». 

1. Shales and sandstones 923' 

2. /y^?cAvf?r<i^t';i conglomerate 40' 

3. Shales and sandstones 1,180' 

4. vl/^«^nj>/>?f« conglomerate 10' 

5. Shales, sandstones and shaly 

beds 2,300' 4,453 

The Catskill exhibits little change in structure and, jus before, 
appears to have no fossils aside from ol)scure fish remains. No. 
1 of the Chemung is the same with the Montrose shales of 
Susquehanna county as well jis the Haun's Bridge group of 
Huntingdon county. It consists, as it does further south, of 
variegated shales and sandstones, green and red predominating, 
and in the lower half has many beds carrying Chemung moUusks. 
1 have drawn the line ]>etween Chemung and Catskill somewhat 
arbitrarily, where sandstone ceases to predominate, for there is 
no noteworthy physical change in character of the rocks anywhere 
above the Lacknwaxfn conglomerate. That conglomerate fs now 
irregular in structure, sometimes not conglomerate, l)ut still con- 
taining fish-bones as it does further south. The fnigments of 
lK)nes are larger and in better preservation than at the more 
southern localities. 

The interval between the conglomenites contain some red beds 
but as usual the}' form only a small part of the section, little 
more than ten per cent of the whole. A IkhI containing frag- 
ments l)elouging, apparently, to IFolopttfchiuH associated with 
Pleurotamaria sp. and Lbigula apatufnta, was observed at 150 
feet below the Lackaicuxen conglomerate. Vegetable remains 

♦The Oeology of the Susquehanna river region, I. C. White, Harris- 
burg, 1883, p. 57. 
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lire not wanting, for Archufjyt^rU hyhernica is abundant above the 
fish bed. The Alhgrippus conglomerate is no longer a constant 
member of tlie series, tiiough occasionally it is recognizable 
without difficulty as a massive sandstone, sometimes containing 
fiat pebbles. 

Thus far, the st»ction observed beyond the James river in 
\'irgiuia has been persistent, the distance along the line of out- 
crop being not far from 500 miles. Tn Columlua county, how- 
ever, the interval lu^tweeu the conghmierates is no longer richly 
fossiliferous, whih* fossils reach to but 510 feet al)ove the Lacka- 
ivaxvn^ instead of to 1,0(M) feet as in Huntingdon county. The 
section is still sufficiently distinct at Haitville,* Luzerne county, 
Pa.. aV)out twenty miles further along the strike; but thence 
northeastward changes in structure become marked and are ac- 
companied by a still mcnH» rapid disappearance of animal remains, 
so that within a few miles such remains seem to be almost wholly 
wanting in beds above the place of the AlhyrlppuH conglomerate. 

Prof. White's Pik(^ county section was measured along the 
Delaware river about tiftv miles northeastward fix)m the Catawissa 
locality and practically on the same line of outcrop. It illus- 
trates the conditions in New York for the Delaware river there cuts 
across the Catskill mountain region. The succession ist: 



Catskill. 




llonesdale Buudstone 


100 


Montrose sandstone 


125 


('HEMUN'O. 




1. Montrose red shale 


100 


2. Greenish-gray sandstone 


80 


i^, lAichucnxen conglomerate 


50' 


^ 4. Greenish sandstone and shale 


300 


5. Ked shale 


50 


(i. Delaware flags 


1,000' 


7. New Milford shales and S. S. 


75 


8. Starucca beds 


fiOO 


y. Sandstones and sandy shales 


1,850 4,055 



The highest beds of the (^itskill, the Cherry Ridge shales, were 
not measured, but thev ad<l barelv 150 feet, so that, within little 
more than fiftv miles, the Catskill has lost almost 8,000 feet, 
while the Chemung is but 400 feet thinner. But it should l3e 
note<l that the upper j>ortion of the Chemung has lost much, 
while the lower portion has increased greath'. The Allegrippus 

♦White, Loo. cit. p. 190. 

tGeology of Pike and Monroe counties, 1. ('. White, Harrieburg, 1882, 
pp. 78 and 94. 
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conglomerate belongs at the base of the Starueca beds but it is 
not present. Kven the Lackaumxvn is no longer persistent as a 
conglomerate and in some localities it is not even massive. 

The most interesting featnre of this section, characterizing 
also those obtained along fragmentary outcrops in Carbon and 
Monroe counties, sav 25 miles southeast of that which has been 
followed, is the apparent a])sence of animal remains from the 
whole series above the lowest member of the section, there being 
no trace aside from what seem to be fragments of fish-])ones in 
breccias of the Ilonesdale sandstones.* ArvlKvoptcn'x Jacksoni is 
plentiful near the base of the Montrose shales. 

We have followed this section along practically one line of out- 
crop for nearly (JOO miles, from the northern boundary of Ten- 
nessee into southeastern New York. Its pe insistence, stratigraph- 
icall}", is remarkable, since variations in structure are inconsider- 
able until within thirty miles of the New York Iwrder; but serious 
changes of some sort occurred during the long period of deposit, 
for in the (extreme south, even the representative of the Montrose 
sandstone carries Chemung fossils, while in northeastern Pennsyl- 
vania and the immediately adjacent portion of New York, animal 
remains practically disappear above the horizon of the Allcgrippus 
conglomerate. 

Let us now return to southern Pennsylvania and follow the 
section westward; but first let us re-label the Fulton county sec- 
tion, giving to its parts the geographical names applied in the 
counties between that and the Delaware river, so that the relations 
of the different parts of the section may be remembered. It be- 
comes 

Cherry Ridge shalen 1 600 ' 

Montrose sandstone 2100' 3700' 
Chemung. 

1. Montrose red shales 1000' 

2. Ladcawaxen conglomerate 10' 

3. Shales and sandstones, iuchuiiog Dela- 
ware flags and Starucca beds !)oO ' 

4. .4^^r»pi>tw conglomerate 10 

5. Shales and flags, including Portage of New 

York 1850 3820' 

The thickness of the section diminishes rapidly toward the 
west, so that on the western border of Bedford county, near the 

*Mr. C. S. Proser informs me that he has discovered some lamelli- 
branchs in the Delaware flags and some 8pirifer» in the Honesdale 
sandstone, or possibly at the base of the Cherry Ridge shale. 



Maryland line, the ChciTy Ridge shales have almost disappeared 
and the total thickness of Catskill, including doubtless some of 
the Montrose shale, is but 1 980 feet. No outcrop is seen in the 
adjoining county of Somerset until the western edge has been 
reached, whei-e under the great anticlinal of Laurel hill, the 
Youghiogheny river has cut down to the Delaware flags. There 
the Montrose sandstone is present, but only a few feet thick; 
while at not more than three miles further west, on the other side 
of the anticlinal, the Catskill has disappeared and the Vespertine 
(Pocono) rests directly on the Montrose shale. 

The Chemung shows a sinlilar decrease in the same direction ; 
for on the railroad section in western Bedfortl, the whole interval 
of Chemung and TIamilton is represented by a concealed space* 
of 2,630 feet, giving to the C'hemung a thickness of somewhat 
more than 1,800 feet. The exi)osures under Laurel hill in the 
Youghiogheny and Conemaugh gaps suggest a continuance of the 
decrease, certainly in the upper iK)rtion. The gaps through 
Chestnut ridge, ttMi miles we^t from Laurel, affonl the last ex- 
|X)8ures, in this direction, of any part of the Devonian on the 
eastern side of the basin; the section in the (■onemaugh gap, 
barely fifty miles in i\ direct line from Pittsburg, t is 

P(K!Oiio 44;} 

Montrose red shales 125 
Ijtickaicaxeti conglomerate 30' 

Shale and sandstone 120' 

Concealed to river 150' 

The Montrose shale is composed of dull, grajish-red shale and 
thin streaks of sandstone, carr^'ing Chemung species up to with- 
in one foot of the Pocono. The Lackawaxen is characterized by 
flat-pe]>bles as it is also on the '^National road" in Fayette county, 
where some of the larger pebbles are felsyte-porphjTy. t Exca- 
vations made since these measurements were obtained show that 
there is much dull red shale below the Lach-funixen^ especially in 
the concealed portion. The interval from the top of the Pocono 

♦Stevenson, Ueology of Bedford and Fulton counties, p. 81. 

IGeology of Fayette and Westmoreland Counties. J. J. Stevenson, 
llarrisburg, 1877, p. 291. 

tAn annoying error occurs in my report on the Ligonier Valley 
(Iferrisburg, 1878). Part of the notes referring to this rock were copied 
under the Pocono, and some of the Pocono transferred to this: so that 
this conglomerate is described as not containing flat peb!)lep. 
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to the Lackawaxtn is 508 feet; in the deep boring at Pittsburg 
it is given as 510 feet. 

Mr. J. H. Carll has tabulated the oil-well records in the west- 
ern oil-bearing counties of Pennsylvania, and we must depend 
largely upon his work as we follow the series northward in west- 
ern Pennsjivania; though one may sometimes fail to accept his 
identifications, yet all must acknowledge the patience with which 
he has worked and the excellence of his results. 

At Washington, about thirty miles southwest from Pittsburg, 
the interval to the Lachairdxeu is from the top of the Pocono is 
518 feet, and the rock is termed by Mr. Carll. the ''gas sand.'"* 

The section there is 

Pocono (Shenango sandstone of White) 152' 

Interval 860 

lAickmtaxtncongXovaenxiQ 20' 

Interval 87' 

Gantz oil sand 40' 

The Pocono hjis l)ecome less coai'se. At Pittsburg it contains 
much shale, while in Washington county its sandstone is often 
less than 150 feet thick. 

Mr. Carll recognizes in the (lantz sand, the upper or first of the 
Venango group of oil-sands, which consists of three well marked 
sandstones separated by shales and showing few variations in 
Venango county. It is not easy, however, to accept this identifi- 
cation after a careful study of his sections as tabulated in the 
Annual Report for 1880, and I am compelled to reganl the upper 
gas sand of Weirick's well as the first oil sand of Venango, and 
as the Lnrl'uira.ren.f The distribution and variations of the 
Venango group are shown in the very numerous records of oil- 
wells which Mr. Carll has preserved and pu])lishcd in his volumes 
(m the western counties of Pennsylvania. A section on Thorn 
creek* in Butler count}^ at alx)ut thirty miles northward from 
Pittsburg gives 

Shenango Handstone (of White) 

Interval 396 ' 

{Jxickaimxen) first Venango oil sand 45' 

Interval 420' 

(AlUgrippm) third Venango oil sand 46' 

♦Carll in Ann. lieport of 2il Geo). Survev of Pennsylvania for 1886, \\. 
656. See plate Plate 5 figs. 20 and 21. 

•"tSee fig. 21 of Plate 5. 

JCarll in Report for 1886, p. 650. See Fig. 1« of PI. 4. 1 have con- 
densed the section and Inserted the names of the sands. 
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Seveu years ago Prof. White asserted that the first oil-sand is 
tlie same with his Lncha waxen, and suggested that the AUegrip- 
pus might prove to l)e the same with the third Venango. There 
is no room for doubt respecting the accuracy of these surmises. 
The interval between the sands is not far from what we should 
expect, for in western Bedford it is not more than 600 feet, and 
the decrease in the upper part of the column continues westward 
to the last exposure under Chestnut ridge. Some red rock occurs 
in this interval at Pittsburg and at Petrolia in eastern Butler as 
well as at Kdenburg, 20 miles further east in Clarion county. 
Red shales, from GO to more than 100 feet thick overlie the 
Ltivhawaxtn at many places in Butler county, though occasion- 
ally th(»y are separated by a few feet of variegated shale. A sec- 
tion on Bullion (;reek.* in Venango county, about thirty miles 
north from Thorn creek, shows 100 feet of red rock immediately 
over the Jjachnrox^n or first oil-sand and 55 feet of red rock in 
the 215 feet interval between that and the Alh.grippas or third 
oil-sand. The distance here from the Pocono to the Lackawaxen 
is 1585 feet, almost the sann* as in Brady township and on Thorn 
creek of Butler countv. 

It is unnec(»ssary t^) go into further detail resi)ecting the features 
of the Venango group, as the variations, aside from those of 
thickness, are inconsiderable. and thevareall shown in full in Mr. 
Carlls Severn! reports. 

The whole series comes to the surface again in Crawford and 
Erie, the northwest counties of Pennsylvania, where the sub- 
divisions have been worked out in great detail by Prof. White. I 
give his generalized sectionf somewhat condensed and diflferently 
divided: 

PoCONO. 

1. Shenaii!>:o uandstODe 25 

*2. Meadville shale and limestone 00 ' 

'S. Sharpville flags and limestone 04' 

4. Orangeville shale 75 ' 



5. Corrv sandstone 20' 



250 



t„'nKMrx<;. 

1. CiiBsewago shale and limestone 37' 

2. (/ussewago sandstone 25' 
:i. Uiceville shales 80' 
4. [fjnrhticax4'n] first oil-sand 20' 

♦Carll in loc. eh. p. 047. See PI. 3, Fig. 14. ^ 

tGeologv of (Crawford and Erie Counties. I, C. White. Harrisburg, 
1«81. pp. 00-119. 
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5. Shales with second sand 260' 

.i^^rfppi//t] third oil -sand 80' 

iOwer Chemung 825' 

8. Girard 225' 

9. Portaire 475' 1477' 



6. [A 

7. L< 



Pmf. White placed the whole section to the biiHe- of the Cusse- 
wago in the Pocono or Lower Carlwniferous, though seemingly 
with Home hesitation respecting the lower members. The Corry 
sandstone appears to be the representative of the Berea of Ohio. 
The Riceville shales are ec^uivalent to the red rock of Butler and 
Venango as well as to the Montrose red shales of the eastern 
sections. Typical Cliemung forms occur here at many places up 
to within 15 feet of the (Uissewago sandstone. The Lac/caivaxen 
is seldom coarse in northwestern Pennsylvania. The . Uiegrippus^ or 
thinl oil -sand, is the pei'sistent stratum in this region and the one 
possessing economic importance. Prof. White gives good reason 
for i<lentifying it with the Panama conglomerate of New York. 
Prof. White found the same section in Warren county at Tidioutc, 
twelve 'miles east from the Crawford line, and he regards the 
CorvoHtfUH bed at Warren as the same with the Ld^kawaxen^ or 
first Venango oil-sand. Mr. (^aril's section at (Ireat Bend,* on 
the eastern edge of Warren county is of interest as showing the 
appearance of the ''('atskill type,"t as he terms it, there being 
above the Riceville shales, SH feet of greenish gray sandstone 
with olive and red shales; so that somewhere between Tidioute 
and (freat Bend the typically Catskill characteristics appear in 
the upper part of the section. Chemung fossils are found in the 
Riceville shales or Montrose Red shales and StniyinnoJites occurs 
in the Lavhawnxen. 

Me4iuwhile a noteworthy change has occurred below the La^ka- 
traxin^ for though I>27 feet of rock are shown, yet the Allegrippun 
or third sand is not reached: so that we are prepared for the con- 
dition shown by Mr. Ashburner's generalized section of McKean 
county, next east to Warren along tlie northern lx>rder of the 
sUite. There we findj 

Pocono 250' 

Catskill 250' 

Chemung IdOO' 

Hjqc, clt. p. 641. 

tOeological Report on Warren county, J. H. Carll, Ilarrisburg, 1888, 
p. 302. 

IGeolog}' of McKean County, Etc. ('. A. Ashbumer, Ilarrisburg, 
18S0, p. &, 
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the Catskill consisting of ''red and gre}' slate, shale and sand- 
stone" at Smethport. thirty miles east from Great Bend, in War- 
ren county. The Chemung is triple, and its upper division is 
itself distinctly triple, consisting of 

Gray shale and sandstone 350' 

Red and gray shale and sandstone 300' 

Uray shale and sandstone 650' 

the lowest beds resting on the Bradford oil-sand, which is Mr. 
Ashburner's Middle Chemung. Typical Chemung mollusks oc- 
cur in the highest beds of the Chemung and some species appear 
to have pei-sisted into the lower iX)rtion of the beds assigned to 
the Pocono, This abrupt thickening of Chemung and Catskill is 
precisely what should be expected here to accord with the condi- 
tions along the southern border of the state. 

The sections in Potter county, that adjoining McKean at the 
east, are incomplete, and our knowledge of the structure is far 
from l)eing satisfactory. Mr. Ashburner made some examina- 
tions in the western part of tlie county, which were merely inci- 
dental and sufficed only to show that the -'Catskill type" of i-ock 
increases in thickness eastward just as it does toward the south- 
east, there being 870 feet of red, gray and green shales anfl 
sandstones overlying the uppermost subdivision of his McKeim 
county (^hemung. He tinds some red in his Chemung* as well as 
in the overlying Pocono. Fish beds occur in his Catskill as well 
jis in the ui)per part of his Chemung. No information is given 
respecting distribution of niolluscan remains, but on the eastern 
side of Potter, Chemung forms extend far up into the red lieds, 
for, just over the border in Tioga county, Chemung fossils are 
found at more than WW al)ove the first red l>eds.t 

The condition in Tioga and Bradford counties, those next at 
the east, is sufficiently clear. Prof. White's incidentjd studies in 
those counties make it possible to utilize Mr. Sherwood's work, 
and at the same time to gain a good understanding of the work 
done by Prof. Ilall and Mr. Vanuxem more than fifty vears a$ro. 
The section near Hlossburg. in Tioga county, gives a starting 
point. + It is 

*Loc. oit. pp. 77-78. 

tA Sherwood in Report of Progress in Bradford and Tioga counties, 
llarrisburg, 1878, p. 80. 

JGeologv of Susquehanna and Wayne Counties. I. C. White, 1881^ 
p. 72. 
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Pocono. 573' 

Red shales, green and gray sandstones and concealed 830' 

Fish conglomerate (Holoptychius bed) 2 ' 

Red shale and sandstone 200' 

The thickness of the rocks in the vicinity of Blossburg had 
1>een much underestimated by other observers. All the beds of 
the section l)elow the Pocono have ))een regarded by authors as 
Catskill. but at ten miles further down the Tioga river, three 
miles }x»low Mansfield, Chemung fossils have Ijeen found by Mr. 
Sherwood in a calcareous rock,* only 165 feet l)elow the bed 
taken as the base of the Pocono in Prof. White's section, and 
therefore at more than 950 feet above the lowest red beds in that 
section. At a little way further east, Mr. Sherwood found great 
abundance of fish remains with shells and fragments of plants in 
the Ilnlopttfchiiis l>ed; a calcareous bed at 84 feet lower down con- 
tains abundance of well-known Chemung forms, while red beds 
continue in alternation with gray l^eds for 150 feet lower down in 
the column. In 1889, Prof. Hall connected his New York work 
with Pennsylvania at Tioga, eight miles further down the river, 
where he found the upper member of the Chemung passing under 
the Old Red sandstone, whose thickness he estimated at 400 feet. 
Tt is sufficiently clear that the red beds, including the fish bed, 
were regarded by him as l^elonging to the '*Old Red Sandstone." 

The McKenn county section can be recognized without difficulty 
HI Tioga county, despite the change in character of the rocks; for 
the middle division of Mr. Ashburner* s Upper Chem^mg finds its 
equivalent in '^Mansfield Reds'' of Lesley, containing three ore 
Ijeds near Mansfield, the second of which is the celebrated Ilolajh- 
tifchutK bed. The base of the Red and Gray group in McKean is 
at 900 feet below the Pocono. while in Tioga county the Uolop- 
ttfcliuts bed is at 830 feet. At the same time, the structure so 
well worked out by Prof. White in Susquehanna county, can be 
recognized with less difficulty than that of jMcKeafi. Eastward 
from the Tioga river, fossils become rarer in the upper part of 
the section; Mr. Sherwood states that no fossils occur in the 
Towanda luisin of Bradford count v until a ])ed is reached at 800 
feet below the Pocono. t 

Prof. White's work in Susquehanna and Wayne counties, was 
connected by him with that in Bradfonl, which lies between Tioga 

♦A. Sherwood, loo. cit. p. 79. 
tLoc. cit. p. 28. 
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and Susquehanna. His section for those counties, condensed and 
re-arranged is* 

Catskill. 

Cherry Ridge shales 110' 

Honesdale sandstone 90' 

Chemung. 

Montrose red shales 180' 
Paupack sandstone and shales, New Mil- 
ford flags and shales 585' 
Shales and sandstones 244' 
"Mansfield Reds'* 90' 
(Allegripptia) Cascade Creek sandstone 25 ' 
Shale and sandstone 120' 

The lower portions of the colAmn are not exposed in the coun- 
ties. The Paupack sandstone, immediately underljing the Mont- 
rose shales, occupies the position of the Lackawojcen conglom- 
erate, but it is not seen as a conglomerate except in eastern 
Wayne, on the lx)rder of Pike county. The Cascade Creek 
sandstone is the same with the Falls Creek sandstone of Brad- 
ford county, and with the Allegrijtpmt conglomerate of Bed- 
ford and Huntingdon counties, the Lower Chemung conglom- 
erate of Fulton county. A great part of the interral be- 
tween these sandstones is represented further east by the Dela- 
ware flags. For the most part, this is the section observed along 
the Delaware river in Pike county of Penn83*lvania, and in the 
adjacent portion of New York ; and the Honesdale sandstone is 
the Montrose sandstone of Vanuxem. t Prof. White made dili- 
gent search for fossils, but no mollusks were found at any hori-» 
zon more than KiO feet alwve the Alley rippua; but Chemung fos- 
sils are sufficiently abundant below that rock. Archaiopterint 
jacksoni occui*8 in the Paupack or Lar/cdim.ren, 

III. 
We have come once more to the Delaware river, the last point 
reached in tl^e tracing of the easterly outcrop. Clearly the 
series is one: the middle portion, that Ijetwcen and including the 
two conglomerates, is evidently persistent all the way round, except 
perhaps in McKean and Potter counties of Pennsylvania, where, 
however, the difficulty lies most probably not in absence of the 
sub-group but in the absence of records. 

♦Geology of Susquehanna county and Wayne county. I. C. White. 
Harrisburg, 1881. pp. 50, 58, 59, 78. In accordance with Prof. White's 
suggestion (Geol. of Susquehanna R. Region, p. 52,) I have omitted the 
upper 375 feet of the section. 

t Annual Report of N. Y. Survey for 1839, p. 381. 
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The serious question now arises, how shall this great column, 
with a maximum thickness of more than 7,000 feet, be divided 
and what value shall be assigned to the divisions? Before under- 
taking to answer the question, let us recall the signification of 
the terms Catskill and Chemung as originally employed. 

Mather* in the annual reports as well as in his final report used 
the term * 'Catskill Mountain Series' ' to include all beds from the 
very highest rocks in the Catskill mountains down to the Cor- 
niferous, thus making it equivalent to '^Formations viii, ix, x, and 
XI of Prof. Rogers' Report on the Geology of Pennsylvania for 
1838.'' ''Catskill group" was used first by Vanuxem in his 
final report, published in 1842, t though he had previously fixed 
the lower limit, as may l>e seen by reference to the fourth report, 
where he takes the Montrose sandstone as representing the group. 
That rock rests directl}' on the Chemung gix)up, whose upper 
limits are not so well defined in the fourth district of New York, 
though sufficiently so in the third. Its lower boundary appears 
to be distinct in }x)th, so that the group consisted of the Chem- 
ung and Portage. But the Catskill group of authors is a varia- 
ble quantity. By some, the whole mass in the Catskills proper 
has been taken as l3elonging to the group; by others, the first red 
bed is taken as the base of the group, while others still see the 
beginning in the first fish bed. No one of these limitations 
suffices, for each is purely local in character and cannot }>e ap- 
plied over a great area. 

Stratigraphically the two groups, as understood by Vanuxem, 
are separable without difficulty. The Catskill, including under 
that name, the Cherry Ridge shales of 'White and the Montrose 
sandstone of Vanuxem, is thoroughly persistent along the eastern 
outcrop from Greene county of New York to far beyond the 
James river in Virginia; its variations in thickness along this line 
are for the most part very similar to those of the upper and mid- 
dle divisions of the underlying Chemung. Westward and north- 
westward, however, the variations of the Catskill are unlike 
those of the Chemung. In southern Pennsylvania, the Cherry 
Ridge shales disappear within forty miles, while the Montrose 
sandstone thins out more slowly and does not disappear until Fay- 
ette county is reached; there, however, the whole mass, :»,700 

♦Fourth Annual Report, p. 327. Geology of N. Y. Part I, p. 299. 
tGeology of New York. Part III, p. 186; 4th Ann. Rep. p. 881. 
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ftM»t tliick ill Fulton county, is wanting. In northern Pennsyl- 
vania, the decrease in thickness is abrupt for a few miles, but the 
final disappearance of rocks of the Catskill type is in Warren 
county, just as in New York it is in Allegany county east from 
the Genesee river.* In southwestern Pennsylvania the Catskill 
is wanting, because the rocks have thinned out; whether the dis- 
appearance in northwest Pennsylvania is due only to thinning or 
to interlocking with rocks of different color, cannot l)e determined 
in our present state of knowledge. 

The upper sub-divisions of the Chemung, when followed west- 
ward, are found to vaiy much after the same manner throughout. 
The abrupt changes observed in the Catskill had no predecessors 
ill the Chemung, except in southw^estern Virginia, where the 
whole series, Chemung and Catskill, as well as most of the under- 
lying Hamilton and much of the overlying Pocono have disap- 
peared. The C^hemung section thus grouped 

Shales 
I Sandstone 
Vkxango-^ Shales and sandstone 
Sandstone 
Shales and flags 

can be ri»cogniz(Hl not merely along tin* eastern outcrop from New 
York to far beyond New river in Virginia, but also in western 
Pennsylvania many miles beyond the western limit of the Catskill 
beds. 

It is sufticientlv clear that, at the dose of the time embraced in 

« 

the Chemung group, a physical change occurred, which, though 
not observa}>le along the eastern outcrop, becomes very distinc^t 
within 100 miles westward or northwestward. During the whole 
of the Chemung period, the subsidence was less and less rapid 
toward the west and northwest, though doubtless keeping pace 
there as at the east with accumulation of dei>osits, which, in that 
direction, became less in (luantity and finer in grain, as the rocks 
at the west an<l northwest were not such as to vield much coarse 
material. But at the close of the Chemung, the subsidence Ije- 
cnme still less rapid toward the west and northwest, so that 
the area in which Catskill was deiK>site(l became narrower toward 
the south.! Tt is altogether unnecessary to resort to the concep- 
tion of elevation in western Pennsylvania or Virginia: indf^eii 



♦Geology of New York. Part iv. p. 279. 

■•■Because of the southwestward trend of the A])palachian laud area. 
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any such conception would Ik» at variance with such evidence as 
from study of the stratigraphy. For the most part, the changes 
we have. That region was not above water at any time so as to 
make the Catskill deposit in a closed sea; no subai^rial erosion 
took place there after the close of the Chemung, for the thickness 
of Montrose shales in the oil-wells and in northwest Pennsylvania, 
where they are Prof. White's lliceville shales, varies immaterially 
from their thickness in Somerset county, where they underlie the 
western edge of the Montrose or Houesdale sand-stone. 

But while making use of the«e variations in rate of subsid- 
ence as affording a convenient method of separating the Catskill 
and Chemung groups, we must not forget that in by far the 
greater part of the area, the conditions exhibited in the Catskill 
are but a continuation, and as it were an intensification of those 
existing in the Venango i>ortion of the Chemung. The appear- 
ance of re<l rock with green and greenish gray sandstone begins 
in Pennsylvania very little al)ove the AIlcfjfn'/tpHx conglomerates 
and continues in iiTegularly increasing quantity to the top of the 
column, while in New York, red rock makes its first appearance 
in the Portage.* The amount of nnl between the conglomerates 
varies greatly, l)eing seldom more, though often less, than ten per 
cent, along the e^istern outcrop, while at some places in western 
Pennsylvania it is much greater. The Montrose shales are largely 
red along tlie easterly outcrop, but they show not a little varia- 
tion even there ; while at the west, thev are sometimes whollv red 
an<l at others without any red beds whatever, (ireenish gray and 
brown or reddish brown sandstones occur in large j)ro|K)rtion in 
the Catskill itself. 

All observers agree that the passage of (Hiemung into Catskill 
is so gradual that, lithologically, no absolute line of separation 
can be drawn in a great part of the Appalachian basin. The 
lx)nd l)etween Catskill and upper Chemung is even more intimate, 
as far as structure goes, than is that between the upper Chemung 
and the lower Chemung or Portage. As far as physical character- 
istics are U) be deiKMided on, the whole series is one, and the 
terms Oatskiil. (VirmnHg, Porf(((/e might well be taken as names 
of epochal divisions of the Chemung period. 

The palseontological record confirms this conclusion drawn 

♦James Hall in 28th Annual Report of the Regents on the State 
Museum. 1876, p. lo. 
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in general conditions were insignificant from the beginning of the 
Portage to the close of the Chemung; at all events the changes 
in by far the greater part of the area under consideration, were 
not such as to interfere materially with the existence of the 
molluscan fauna known as Chemung, though as we have seen, 
there w^ere cireumscril)ed areas in which the conditions did prove 
very injurious to animal life. 

The Chemung and Catskill are very distinct, palsBontologically, 
along the eastern outcrop in southern Pennsylvania. The Cats- 
kill, almost wholly red shale and red or greenish-gray sandstones, 
appears to }>e non-fossiliferous; but the Chemung carries its fos- 
sils to practicall}^ the top of the Montrose shales. The condition 
is unquestioiuibly the same in northern Virginia. Near the Ten- 
nessee ))order, the equivalent of the Montrose sandstone lias 
Chemung fossils; at New River gap, Chemung fossils were not 
found in the upi)er half of the interval between the Lackawaxen 
and the Pooono; in McAfee's gap in Roanoke county, proof is 
shown that *^piri/cra (Uajuncta survived all changes to the end 
of the Catskill ; while at eight or ten miles southeast in Catawba^ 
mountain, the whole succession of red greenish-gray sandstones 
seems to l)e absolutely non-fossiliferous; and this is the prevailing 
condition thence northward. It is evident, then, that from, say, 
twenty-five miles southwest of James river in Virginia to New 
York, the group called C^itskill by Vanuxem is either non-fos- 
siliferous or practically so. But the Chemung group contains its 
characteristic si)ecies al)ov(» the Larkainixvn conglomerate in Vir- 
ginia and along the eastern outcrop into Montour county of Penn- 
sylvania; so also in southern Pennsylvania* westward to where it 
passes beneath the surface l)eyond tlu^ final disappearance of 
Catskill in Favette and Westmoreland counties: while in north- 
western Pennsylvania and along the northern line of the state; 
Chemung forms are present in the same upper horizon from the 
Ohio line eastward into Bradford county. In New York on the 
northwest Iwrder of the (^itskills themselves, Chemung fossils 
occur abun<lantlv above the Oneontat sandstone which Vanuxem 
identified with the Montrose sandstone of Pennsvlvania. 



♦In my report on the Geology of Bedford and Fulton couuties, p. 81, 
I identified the conglomerate of the Laurel and Chestnut ridge gaps 
with the Lower (AUegrippus) conglomerate. The error was discovered 
too late for correction. 

tJames Hall in Science 1880, p. 21)0. 
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A remarkable feature of the Chemang is the non-fossiliferons 
area of southeastern New York and the adjacent jDortion of 
Pennsylvania, northward from Huntingdon county, of Penn- 
sylvania, the upper limit of the Chemung fauna descendgi; 
in Columbia county the upper half of the Montrose red shales 
yields no fossils, while in Carbon county, no fossils were found 
until practically below the place of the Allegrippus conglomerate; 
and, even in these lowest l>ed8, fossils are rare and usually not 
well preserved. Xo molluscan fossils were found by Prof. White 
in the Delaware river section until considerably below the place of 
the Allegripp as, whence downward '*the whole series is sparingly 
fossiliferous.*"* Even remains of fishes are wanting aside from 
' *the occasional appearance of what appear to be fish-bone frag- 
ments in calcareous breccias.'' A similar condition is observed 
as one comes eastward along the border of Pennsylvania an<! 
New York; Chemung fossils reach the top of the group at the 
western border and in McKean county ; but in Tioga county the 
barren space at the top of the column is 165 feet; in Bradford, 
800 feet, in Wayne, 1,170 and in Pike, 2,650 feet, in each case 
inclusive of the Catskill, which, however, does not exceed :100 
feet even in Pike countv. 

The area in which the lifeless jjortion of the column reaches 
much below the horizon of the Lacka waxen conglomerate, em- 
bracing parts of Carbon, Monroe, Pike and Wayne counties of 
Pennsylvania, and of Sullivan, Delaware, and Greene counties of 
New York, contains rather more than 4,000 square miles, while 
the whole area under consideration is more than 30,000 square 
miles. To explain the absence of life is not easy ; it cannot 1)e 
due merely to an agent which caused the redness or greenness of 
the beds, for, in Huntingdon and Fulton counties of Pennsyl- 
vania, the Montrose shales have many fossiliferous beds though 
having also many green and red beds. Besides, the Delaware 
section shows a great thickness of beds of other colors, which 
are equally without animal remains. It cannot ])e due to chemi- 
cal conditions existing in a closed sea, for the successive subdi- 
visions of ]K>th Catskill and Chemung can be traced directly into 
the lifeless area equally fix)m the open sea at the west and along 
the Appalachian shore from the south, thus showing that no closed 
sea existed in that area. Even plant remains are mre, being 

♦Geology of Susquehanna River region, pp. 108 and 105. 
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found at but few localities; and as a rule the specimens are im- 
perfect, good specimens occurring at only a very few places. 
There is little room to suppose from the condition in which the 
plants are found that alternations of land, fresh and brackish 
water conditions caused the absence of animal life. It is certain 
that from the beginning of Oriskany to the end of Catskill, even 
during the formation of the Corniferous coral reefs, the Appa- 
lachian gulf was shallow ever3'where. During the later time, 
when subsidence did little more than to keep pace with the inflow 
of sediment, the area neare^st to the region of great drainage, 
whence large streams with rapid flow jwured their material into 
the shallow basin, would show muddy l)ottoms and muddy, more 
or less brackish water, which would be unfavorable to animal 
life of Chemung types. As the Appalachian land liecame nar- 
rower southward, the untoward conditions are less marked in that 
direction. Within the jjortion of the area lying within south- 
eastern New York and the immediately adjacent portion of Penn- 
s^'lvania, these conditions may have been begun as earh* as the 
Hamilton, as suggested by Prof. Hall.* 

The mollusean fauna of the Chemung and Catskill is unques- 
tionably marine. Even the mollusks found in New York above 
the Oneonta sandstone belong to the ordinary forms. Of course 
it is i)ossible, even i)robable, that at the extreme northeast there 
were small areas at the mouths of large rivers, where fresh water 
prevailed and fresh water mollusks lived; but positive evidence of 
this is wanting. The . I m/f/n*/t'ii ta found in the Oneonta sandstone of 
New York mav be a freshwater form, but it occurs in the Montrose 
sandstone in southern l^ennsvlvania so far awav from the old 
.shore line that freshwater conditions seem, certainly, improbable. 

The stratigraphical relations of the flshes have been generally 
misunderstood. The fishes exist for the most part not in the 
Catskill but midway in the Chemung: the celebrated Ifohtptychius 
B(»(l, is the second ore bed of the "Mansfield Keds,' and belongs 
at but a little way al)ove the AlUyrijtpuH conglomerate, the Falls 
(h'eek sandstone of Bradford county. It has yielded large num- 
Ivers of fish remains at several localities and it contiiins marine 
fossils. t The C(ncosfrns bed of ^Yllrren county is taken by Prof. 

*Sritnce 1880, p. 290. Prof. II. S.Williams makes the same suggestion 
in Bulletin V. S. G. S. No. 41, but I have mislaid the references. 

tSherwood in Report on Bradford and Tioga, pp. 63, 65, 79, 80. 
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White to be the same witli the first Venango sand (^fjdckami.ren 
conglomerate). Wherever the fishes are associated with any other 
form of animal life, that fonn is marine, so that the ordinary 
presumption should be that the fishes themselves are marine. 

A study of the fauna and its distribution shows us that, as far 
as any evidence exists, the conditions were marine from the be- 
ginning of the Chemung i>eriod to the close of the Catskill; that 
in the e^irly Chemung, or i)ossil)ly in the Hamilton, the conditions 
within northeast Pennsylvania and the adjacent portion of New 
York became unfavorable to the free development of animal life; 
and that as time went on, these conditions were gradually ex- 
tended southward and westwanl, so that, toward the close of the 
Chemung, they prevailed in Columbia county, fifty miles south- 
east from the Delaware river and in Bradford county, alnjut the 
same distance west from the outcrop line. Before the close of the 
Catskill they had reached southward beyond James river in Vir- 
ginia, but had not extended much further west in Pennsylvania 
and New York. But, though prevented from existing in the 
muddy shallows, the animjvls existed further west in the basin, 
l)eyond reach of the river silts, so that just as soon as an oppor- 
tunity was afforded by a lull in the untoward conditions, the 
active fishes found their way eastward again, to l)e followed, if 
the inten^al were long enough, b}" the more sluggish mollusks as 
in New York and in Roanoke and Russell counties of Virginia. 

One matter still remains — a few words concerning it, and T have 
done. 

What arc the relations of this gii»at (Uiemung-Catskill group to 
the Lower Carlwniferous? 

The Pocono or Vespertine or Lower Carl)oniferous sandstone, 
the lower division of the Lower Carlioniferous, is practically non- 
fossiliferous throughout central and southern Pennsylvania, the 
only animal remains thus far discovered being those of mollusks, 
seen by Prof. White* in Bedford county, Pennsylvania, and those 
of fishes seen by Prof. Stevensont in Fayette county; but these 
have not been studied and their relations are still unknown. Tlie 
upper beds of the Pocono l)ecome calcareous in southwest Vir- 
ginia where the mollusks are uncpiestionably Lower Carboniferous. 
The plant remains, obtained in Pennsylvania, are for the most 

♦Geology of HuQtiDgdon County, p. 81. 
tGeology of Llgonier Valley, p. 57. 
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part imperfect, but an abundant flora exists near New river in 
A'irginia, wliich ha« been collecteil by Mr. R. D. Lacoe. It has 
not been studied in detail, but enough lias been ascertained to 
show that its facies is Devonian rather than Carl>oniferou8. * The 
lower Pocono in Pennsylvania, containing thin coal beds, may 
prove to )k» the same with the series near New river, which 
disappears altogether before the state line is reached at the 

south, t 

The molluscan fauna of the Chemung shows no intimate rela- 
tion to that of the JiOwer Carl)oniferous. True, not a few Car- 
])oniferous genera characterize the Chemung, but in like manner 
some Devonian genera characterize the Upper Silurian. The 
plant remains of the Chemung show somewhat greater affinity to 
the Carboniferous, liut there is not enough of the material to jus- 
tify positive conclusions in any direction; at the same time these 
plants are closely allied to the Krian flora of Canada, occupying 
a somewhat similar position in the general column. 

The physical lireak between Pocono and Catskill seems to be 
suflflciently well marked at most localities along the eastern out- 
crop, as well as along the southern lM.)rder of Pennsylvania; so 
that where Pocono and Chemung go beneath the surface they are 
sharply separated. The Pocono goes under in Fayette and West- 
moreland counties of Pennsylvania, as a sandstone containing 
very little shale; }»ut when it reappeai-s in northwestern Pennsyl- 
vania, in Crawford county, it is sandstone on top with much shale 
below, so that the separation from the underlying Chemung is by 
no means so distinct. Prof. White, in making his correlations 
with Ohio, found ditticulty in determining the equivalents of the 
Cleveland and Bedford shales of that state, which were regarded 
then as belonging to the Waverly or Lower Carboniferous. But 
Prof. Kdward Orton. s(»veral years ago, found it necessary to 
place the Cleveland shales in the Devonian ; and still more re- 
centlv. Prof. Herrick's detailed studies have shown that the Bed- 
ford shales carry the (^hemung fauna, as was suggested many 
years ago by Pn>f. Hall. But lx\vond all doubt, the lower por- 

*J. P. Lesley in A Dictionary of Fossils Found in Pennsylvania and 
elsewhere. \ol. IlL Addenda, p. xiii. 

tit is worth noting here that, during the study of Wayne and Susque- 
hanna counties, Prof. White placed the upper limit of Catskill nearly 
400 feet higher in the column than he did in his later publications. It is 
not at all improbable that his original plane of division may prove to be 
the proper one for the whole eastern outcrop to beyond New river. 
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tion of the Pocono in Crawford county shows an unexpected re- 
lation to the Devonian, * for at about 200 feet l)elow the Shenango 
sandstone, there is a pei-sistent limestone, which, though non- 
fossiliferous in Crawford, carries many fossils in Warren and 
Venango counties. It is found also in McKean. The fossils 
from Warren and Venango have not been studied, but Prof. 
White* says that one of the spirifcrs suggests S. disjunvfa. 
Chemung forms occur at the base of the Corry sandstone, which 
Prof. White thought to be the eciuivalent of the Berea grit of Ohio. 
In McKean countyt Prof. Hicks found Chemung forms passing 
up into the Mauch Chunk or upper division of the Lower Car- 
boniferous and associated there as well as in lower Imls with 
^*Waverly forms", seven Chemung species having l)een found 
with seven determined and eleven undetermined species, regarded 
b}'' him as of **Waverly type." Prof. H. S. AVilliamsJ has shown, 
in his discussion of the fossil faunas of the Upper Devonian, that, 
at some localities in soutliwestem New York and northwestern 
Pennsylvania, species belonging to the Chemung fauna lingereti 
even into the shales underlying the Olean conglomerate, which is 
the floor of the Coal Measures. It is sufficiently clear that, while 
the passage from Devonian to Carl)oniferous along the eastern 
outcrop and for many miles west and northwest from it, was 
marked by great physical changes, no serious disturbance oc- 
curred in the region of northwestern Pennsylvania and the ad- 
joining portions of New York and Ohio, where the ptissage was 
so gradual as to permit the Chemung fauna to overlap that of the 
Lower Carboniferous. But the fact that, at some locality or in 
even a somewhat considerable area, the passage from Chemung to 
Carboniferous is not marked by abrupt change in sedimentation 
and by a sharp limitation of faunas is not a good reason for em- 
bracing Chemung in Carboniferous. Other portions of the Ap- 
palachian region might be selected which w^ould afford material 
for very different geheralizations. 

If local continuity of sedimentation is to be accepted as of 
itself a good basis for grouping rocks into ages, one would l>e 
compelled, within a considerable area of Virginia, to include in 

"Geology of Crawford and Erie counties, p. 88. 

fL. E. Hicks in Report on Geology of McKean County, otc. pp. 30-31. 

JH. 8. Williams; Bulletin of the United States Geological Survey, No. 
41. Chapter iv. 
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one iij^e all rocks from the lIudHon River shales to the top of the 
Pocoiio, for there one finds no interruption, except a streak of 
Ix>wer Helderherg. so thin that only one observer* has seen it in 
place, though others have seen fragments of chert suggesting the 
presence of that group. Nor is the fjict that there are localities 
where the passage is not abrupt, is not marked by destruction of 
the fauna, necessarily a good reimon for joining two consecutive 
groups. On such a basis one would have no ditticulty in carr^'ing 
the Carboniferous downward so as to include the Lower Silurian, 
or upward to include the Pliocene. Thus in northwestern Penn- 
sylvania, Chemung fauna lingered into the Lower Carboniferous: 
in south central Pennsylvania and Maryland, Oriskanv and Lower 
Ilelderberg fossils are mingled together in a transition l>ed.t 
Ordinarily the break between Lower and Upper Silurian is well 
marked, but in southern Pennsylvania, J the Hudson river forms 
occur sparingly in the lower Medina, while in southwest Virginia^ 
Hudson River fossils occur abundantly to within a few feet of the 
upper Medina: so that even on the easterly side of the Appa- 
lachian basin it would i)e easy to prove no break between 
Lower and Tpper Silurian, Tpper Silurian and Devonian, De» 
vonian and Lower Carboniferous, Lower and Upper Carbon- 
ifei-ous. Dr. C. A. Whitell luvs told us how the line lietweeu 
Piiheozoic and Mesozoic disapiK»ars in the southwest, while 
to not a few of us the gradual shading awa\' of Meso^soic 
into Cenozoic brought a sufficiency of burdens in the past. 
(General, not circumscrilx^d. conditions must i)e taken as the 
Ixisis of suixlivision (»f the column. The separation between 
Lower Carl)on if erous and the Upper Devonian is too well marked, 
physically as well as paUeon to logically, f)ver an immense area to 
l)e ignored for any but the most cogent reasons. 

But may not the Catskill lus well as some |K>rtion of the 
Chemung l)e c<»ntemi)oraneous with the lower beds of the Lower 
(^u*})oniferous of Ohio? Prof. Herrickl hsis shown that the base 
of the Lower Carl>oniferous there (»annot come below the Berea 



*Capt. C. K. Boyd, in personal communication. 

tGeology of Bedford and Fulton Counties, p. 84». 

JLoc. clt. p. 92. 

§Steven8on; proc. Amer. Phil. So<'. VoL xxri, p. IJW, xxiv p. 85. 

I Address as Vice President l>efore Section K of A. A. A. S. 1881). 

•[C. L. Horrick; Bulletin Geolosrical Society of .\merlca, Vol. ii, p. 34 
et seq. 
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.:grit. lie has shown also how intimately related the Bedford 
shale is to the underlying Cleveland-Erie shale, and that forms of 
Lower Carboniferous type made their appearance only toward the 
dose of the former, so that there the faunas overlap as in north- 
western Pennsylvania. It is possible that when the detailed re- 
vision of the Devonian column has been carried across from 
<*i\stern New York by Prof. H. S. Williams into Ohio, the beds 
•of the Catskill will be found interlockincj with beds of other 
stints, which in Ohio become the Bedford and (Meveland shales. 
If we bear in mind these facts: 

First, that the Chemung and Catskill de[X)sits were laid down 
in a shallow basin subsiding most rapidh' at the east and along a 
Jine rudely parallel to the Blue ridge trend. 

Strondly, that the deposits would be much greater near the 
juain land at the east than at 200 miles away; so that 000 feet 
more or less of fine material in Ohio would more than fairlv 
represent the 4,000 feet, more or less, of Chemung in eastern 
Pennsvlvania. And 

Thirdly, that the water beyond the reach of the great land 
wash held a Chemung fauna throughout the whole time of Cats- 
kill deposit — there will be no serious ditticulty in the way of ac- 
cepting this suggestion. 

The conclusions to which 1 am led are 

First.. That the series from the beginning of the Portage to 
ithe end of the Catskill. forms but one period, the Chemung, 
which should be divided into three epochs, the Portage, the 
Chemung and the Catskill. 

Srcoiufli/. That the deposits of the Catskill epoch were not 
made in a closed sea or in freshwater lakes. 

Thirdly. That the disappearance of animal life over so great 
part of the area toward the close of the period, was due to gradual 
extension of conditions existing in southeastern New York as 
^Arly, perhaps, as the Hamilton period. 

Fourthly. That the Chemung period should l)e retained in the 
Devonian. 
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PRINCIPLES AND METHODS OF GEOLOGIC COR- 
RELATION BY MEANS OF FOSSIL PLANTS* 

By Lestek F. Warh, Washington, D. C. 

Ill all work on geologic correlation, whether by means of fossilt^ 
or of stratigraphy, the modern doctrine of homotaxis should, I 
think, Ih» carefully kept in mind, as it is now well recognized that 
identical forms do not necessarily indicate indentity of age. 

In the eighth chapter of his well known work on Paleontology, 
>I. I^ictet lays down the following general principle: **Contem- 
pomneous deposits, or those formed at the same epoch, contain 
identical fossils. Conversely: dei)osits which contain identical 
fossils are contemporaneous. *'t 

Schimper, in his A'egetahle Paleontology accepts this state- 
ment and adapts it to plants in the following form: ''Contempo- 
raneous deposits, or those formed at the san>e epoch, contain 
floras, if not completely identical, at least homologous, and con- 
secjuently deposits that contain identical or homologous floras are 
contemporaneous, "t 

Nine years after the appearance of the second edition of Pic- 
tet's work, alM>ve <iuoted, and seven years before that of Schim- 
per's first volume, viz.. on the 21st of February, 1802, professor 
Huxley, in his annual address as president of the (reologic-al 
Society of London, gave utterance to sentiments widely at vari- 
ance with these, but the soundness of which has l)een more and 
more clearly felt with each addition to geological knowledge. 
Although in this address Prof, lluxlev did not cite the above. 
propositions of Pictet. and contented himself with making a much 
mihler statement of the position of paleontologists, he took up 
the questicui <»f the assumed contemp<M*aneity of the deposits con- 
taining identical fossils and apropos thereof expressed himself in 
the following language: -Succession implies time; the lower 
members of a series of sedimeiitarv rocks are certainlv older thau 

♦Read before the Geolo»rical Section of the Am »rican Association for 
the Advancement of Science, Washington meeting, August 21, 1891. 

+LeH terrains ccmtemporains ou formes A la m<*nie rpoque renferment 
des fossiles identi(iues. R<*cipro(iuement; les terrains qui contieneDt 
ties fossiles identiriues sont contemporains." Tniiti'' de PaKontologie, etc., 
l)ar F. J. Pictet, 2d ed., Vol. I, Paris, 1858, ]>. KM). 

J'^r^es terrains contemponuns ou forme's A la mrme einxjue renferment 
des flores, sinon compR'tement identiciues, du moins homologiies, et par 
con8<'M)uent : Les terrains qui renferment des flores i<lentique8 ou homo- 
loirues sont contemporains."" Traits* do PaK'ontoloirio \V'ir<'tade, etc.; par 
VT. Ph. Schimpor. Vol. I, Paris, \m\\ p. 1(M». 
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the upper: and when the notion of Jige was once introduced as the 
equivalent of succession, it was no wonder that correspondence 
in succession cAme to be looked uix)n as correspondence in 
age, or contemporaneity; and, indeed, so long as relative age 
only is spoken of, correspondence in succession U correspondence 
in age; it is relative contemporaneity. 

But it would have been much better for ge<^logy if so loose and 
amV>iguous a word as * ^contemporaneous" had been excluded from 
her terniinolog}', and if, in its stead, some term expressing simi- 
larity of serial relation, and excluding the notion of time alto- 
gether, had been employed to denote corresjwndence in position 
in two or more series of strata. 

In anatomy, where such corresix)ndence of position has con- 
stantly to Ihj spoken of, it is denoted by the word **homology" and 
its (ierivatives; and for geology (which after all is only the anat- 
omy and ph^'siologj' of the earth) it might l)e well to invent some 
single word, such as, '*homotaxis" (similarity of order), in order 
to express an essentially similar idea.'* 

The term ^^homotaxis", thus introduced into geologic terminol- 
ogy, has Ijeen widely accepted, and is now in constant use, even 
by those who have not taken the trouble to inquire how it origi- 
aaited. The geologist considers the stratigraphical and lithologi- 
cal relations and the paleontologist the related organic forms. 
As regards the latter class of workers, they are, 1 l)elieve, agreed 
that two deposits should be considered homotactic* when their 
floras or faunas show a sufficiently large numl)er of identical or 
closely allied species, or contain to a considerable extent the 
same types of life. 

I fully share with Dr. Newberry the view that fossil plants 
may be made of great value in the correlation of geologic strata, 
and also that when properly understood there will remain no con- 
flict l)etween animal and vegetable fossils. The difficulty has all 
along been that the science of paleolx)tany is in an unsettled and 
unorganized state, and that correct principles have been wanting 
for the application of paleobotanical data. It is not claimed that the 
science has advanced to the point where its usefulness is at its highest 
stage; it is still as it were in its infancy. Nevertheless a sufficient 
lx)dy of facts now exist to make it a useful aid to gc^ology. 

♦This seems the proper adjective form, and not "liomotaxial" as some 
authors write it. 
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I propose, in this paper, to first set forth a few principles which, 
as it seems to rae, should govern the study of paleolx>tany as an 
aid to geologic correlation, and then to explain the methods which 
I hav(» adopted for their application. 

I. . Principles. 

Bearing in mind the law of homotaxis. and not forgetting that 
similar floras may have flourished in diflTerent parts of the world 
at different times, it nevertheless still remains true that the oc- 
currence of similar floras in different pails of the world, has a 
strong bearing upon the question of the age of the strata in 
which these floras occur. That is to say, although these floras 
Inay have flourished at different times, the diflTerence between the 
epochs at which they grew cannot be very great, and while au 
exact identity c^ age cannot be predicated, still it is safe to say 
that deposits containing similar floras must have l)een laid down 
at no great distance apart chronologically sp(»aking. 

The great types of vegetation are characteristic of the great 
ci^ochs in geology, and it is impossible for types of one epoch to 
occur in another. For example: It fre(iuently happens in a region 
which is much broken up that the stratigraphical geologist is 
greatly puzzled to determine the relative position of certain rocks. 
Tlie time has gone by when geologists rely implicitly upon the 
api>earance of the rock in determining age, and rocks of Carl)on- 
iferous ;ige may have so close a resemblance to those of Tertiarj' 
age that it is impossible to distinguish them lithologically. lii 
such cases a single characteristic fossil f<»und in place is sufficient 
to settle tlu^ ([uestion. The fossil may be a mere fragment not 
s|>ecifically determinal)le. but if its reference to a great tyjic of 
vegetation is certain this is as conchisive as if it were known to 
what species it belonged. For examph*. a dicotyledonous leaf 
fnmi a stratum supp(»sed to be Carboniferous, enables the paleo- 
botanist to sav with absolute certaintv that such a reference is 
im[K>ssible. On the other hand a single scar of Lepidoilendn)n 
or Sigillaria from a de[)osit supposed to be Tertiary or Mesozoic 
is e(iually conclusive. It may l)e said that such cases are not 
common, Init 1 have had in my limited experience a number of 
instances of precisely this nature where thoroughly competent 
geologists were much perplexed, and were set right by such a 
single fact. 
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The celebrated Ciise of the beds of Chardonet, depart nieut of 
Hautes-Alpes, studied by Elie de Bemimontin 1828, and positively 
referred to the Mesozoic, but in which fossil plants of the genera 
Calamites, Sigillaria, and Lepidodendron were identified by 
Brongniart, is one of the best illustrations of this principle. 
And although, so young was the science of paleobotany at that 
time, tliat Brongniart himself was inclined to admit that these 
genera might occur in the Mesozoic, still, long before his death 
this was known to be impossible, and no paleobotanist would now 
hesitate in a similar case to tell the geologist that he had cer- 
tainly made a mistake in his stratigraphy. 

But in the determination of nearly related strata this is not 
possible, and limited material or single fragmentary specimens 
are not adequate. For such cases in order to be certain it is 
necessary to have a body of facts; in other words a fair series of 
good specimens of fossil plants is required before the paleobotan- 
ist ought to attempt to express his opinion with regard to the 
exact age of the deposit in which they are found. Most of the 
serious mistakes which have been made, and which have gone far 
to bring the science of paleolx>tany into disrepute, have resulted 
from neglecting this principle. Purely stratigraphical geologists 
have no conception of these laws, and a paleobotanist has to deal 
with them very much as he would deal with the notions of un- 
scientific persons. They are constantly bringing him mere frag- 
ments and only isolated specimens, not perhaps specifically de- 
terminable, and they expect of him that from such material he 
will be able to tell them the exact age to which it belongs. This 
is simply impossible, and the paleobotanist who will base definite 
conclusions upon such material is certain to err. 

On the other hand, where such a sufficient body of facts exists 
paleolx)tany becomes as conclusive for more nearly related forma- 
tions as for more widely separated ones. As an illustration of 
this, take the clays of Gay Head, 3Iassachusetts. There is no 
spot more tempting to the stratigraphical geologfst in this coun- 
try' than Gay Head. Beiiutifully stratified clays of varied hues 
marking the dip and always freshly worn, form a precipitous cliff 
visible as a gayly colored object from great distances at sea; and 
about the fii*st work that geologists did in America was to attack 
the problem of the age of this cliff. The records of this work 
date back one hundred vears, and the names of the most eminent 
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geologists of the United States have been associated with it. As 
a final outcome oi all this stratigraphic work in such an inviting 
field, the conclusion has been at last announced by Professor 
Shaler, within the last two years, that these clays are of Tertiar}* 
age (Miocene or Pliocene). Almost simultaneously with this 
authoritative announcement, a young palcolK)tanist, Mr. David 
White, of the I'nited States (leological Surve\', visited this 
s|X)t and spent a summer in obtaining a collection of fossil plants. 
A few fragments had hitherto been found, and one or two of 
them had l»een figured in the works of Dr. Hitchcock. But such 
limited material was of no value. The specimens were ol>seure, 
and nothing could be concluded from them. Mr. White made 
a large collection of fine specimens of fossil plants. The}' were 
shipped to Washington, and he has determined them. They are 
found to be nothing more nor less than types of the Amboy clays 
of New Jersey, and therefore represent the Cretaceous. 

This discovery has a wider significance than the mere proof that 
the plant bearing strata at least, of (ray Head are CretaeeouH; it 
also proves that the Amlx)v clays of New Jersey, after passing 
eastward and reappearing on Long Island stretch still farther in 
that direction, and probably underlie most of the glacial deposits 
of Block Island, the Klizal)eth Islands, Martha's Vineyard, and 
Nantucket. Thus has paleobotany, legitimately employed, set at 
rest a (juestion which stratigraphical geology could probably never 
have answered. Many other illustrations of this principle might 
l>e criven, but this one will suffice for all. 

There is one other principle to be considered, the ignoring of 
which has long been a stumbling block to geology, and to paleo- 
botany as well. It is indeed imj>ossiblc to overestimate the im- 
portance of the correct systematic determination of fossil plants. 
The doubts which exist with regard to the true nature of many of 
the vegetable objects found in the earth's strata, have led to great 
skepticism on the part of many with regard to the value of paleo- 
)»otany as a science. Botanists in particular, who have had some- 
thing to do with paleo]»otany, are as a rule much disap|x>iuted. 
Accustomed as they are to having before them the entire structure 
of the plant, all its parts and organs, not only of vegetation, but 
of reproducti<»n. they have little patience with such fragmentary 
material as constitutes the bulk (»f nu»st collections of fossil 
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plants. Aud geologists are apt to reflect their opinions and to 
join with them in condemning paleobotany. 

There are two answers to all these objections. There is an 
answer to the botanist, and a separate answer to the geologist. 
The answer to the botanist is that, considering the conditions 
under which we find these specimens, there really does exist a 
large amount of information of a somewhat exact and reliable 
kind with regard to the past history of vegetation. Aside from 
the fact that at some points on the earth's surface fossil floras are 
known to exist which almost equal in numl>er of species the ex- 
isting floras of the same localities, there is the further answer that 
paleobotany teaches us to study more carefully the fragmentary 
remains that we find ; it sharpens our powers of observation upon 
the facts which are in our possession and has added not a little to 
our knowledge of botany proper. For example, it is the habit of 
botanists to figure leaves so carelessly that the paleobotanist is un- 
able to tell the genera to which they lielong. This is chiefly due 
to the fact that they ignore, as a rule, the exact nervation of 
leaves, and are content to figure them almost from the stand- 
point of the artist, merely for the sake of the eflTect. Paleobot- 
any has taught the botanists that the nervation of leaves is im- 
portant, and that wherever possible it should be carefully figured. 
We are indebted to fossil plants for the discover}^ that nervation 
in leaves is of generic rank, whereas form, upon which the bot- 
anist chiefly relies, is usually only of specific rank. Leaves, 
therefore, which show ner\'ation are not useless in determining 
species, but are valuable, and by them alone genera may in many 
cases be made out with certaintv. 

Still answering the botanist, it may be further urged with jus- 
tice, .that in the case of nearly all problematical forms as ancient 
as the Cretaceous, it must not be supposed that the genera can be 
determined by comparison with genera of living plants. It is to 
be expected that the genera with which we are dealing in these 
ancient strata, are extinct, and all that we are called upon to look 
carefully for is evidence of their l)eing related to or the ancestors 
of our modern plants. 

The answer to the geologist is still more conclusive; in fact he 
has no right to raise any objection whatever. It really makes no 
difference to him whether the form that the paleolx)tanist has 
named, is correctly named or not; this question is one of purely 
biological importance, it is one of no geological imix)rtance. But 
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that which is of geological importance, is that the form in ques- 
tion be distinctly recognized, that it l^e carefull}' portrayed, and 
tliat what has been found l)e characterized in accurate descriptive 
language and represented by clear and careful delinention. There- 
must be no dou})t when the same form is seen again at a different 
locality, as to whether it is really the same form. This is a vital 
point with tlie geologist. If the form, no matter what it maj' 
really be, is something clear and distinct, which can be recognized 
when seen any where, and if it is characteristic of a given horizon 
or locality, it becomes to that extent of value in fixing the rela- 
tive age of any other deposit in which it may be found. If only 
found in two localities or at two points on the earth's surface the 
deduction, though not absolute, is legitimate that unless there i» 
evidence to the contrary the two localities are of somewhat simi- 
lar geologic age. But if the object be very abundant, and char- 
acteristic of some well known group or horizon, then it is that it 
l»ecomes of great importance as a characteristic fossil, independ- 
ently of how nnich may be known of its true l)otanical nature. 

II. MeTH(»J)S. 

I propose next to indicate the general method which 1 have 
adopted in the application of these principles to geologic correla- 
tion by the aid of fossil plants. 

In a broad senst* this, of coui'se, consists in the comparison of 
similar floras, and the conclusion from them of similarity of age; 
but there are many limiting circumstances to be taken into the 
account. If the localities at which similar floras occur are not 
widely separated geographically, the conclusion of similarity of 
age is more or less reliable. For example, when we find that the 
flora of the Richmond coalfield is very similar to that of the JJ'orth 
(.^irolina coalfield, the inference that these two coalfields are of 
similar age is wholly legitimate. And eytMi when we find the 
same species, to a considerable extent, in the Triassic of New 
Jersey and in that of (\>nnecticut and Massachusetts as occurring- 
in Virginia and North Carolina, the inference cannot l)e very 
wide of the mark that the strata containing these plants were de- 
posited at about the same time from Massachusetts to North (Carolina. 

In proportion as these similar floras are sepamted geographi- 
cally the inference of the similarity of age and deposition grows 
weaker, but it will remain strong as long as the two localities are 
on the same continent, or as evidence exists that an unbroken sea 
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once stretched all the way from the one to the other, or that sim- 
ilar lakes or estuaries existed in both parts of the continent at 
the same time. 8uch is the case when we compare the Triassic 
of the eastern states with that of New Mexico, Arizona, and 
Central America, and although the floras of these widely sep- 
arated parts of the American continent are considerably differ- 
ent, still it has been argued by eminent geologists that the oc- 
currence of a large number of identical species, and a similar 
facies in the type of plants indicate the former existence of a 
great Triassic sea of nearly uniform age, from New Mexico to 
Honduras ; and not widely different in age from the correspond- 
ing one which extended on the eastern side of the continent from 
Massachusetts to North Carolina. The same principle could be- 
applied to many other epochs in geologic history. 

What then is the specific method adopted in comparing floras? 
It may be briefly defined as the preparation of tables of distribu- 
tion and their discussion. As already remarked, the more com-^ 
.plete the flora of any group to be considered is the more accurate 
will be the comparison. Therefore the flrst work to be done is to- 
make a complete list of all the fossil plants that have been found 
in the given group. This list of species maj' be primarily re- 
garded as whollj* unknown geologically. 

If there are several distinct localities, areas, or basins which 
are suspected to be of similar age, the species or forms that occur 
in each of these must first be enumerated separateh* and compari-^ 
sons made to ascertain to what extent thev are the same or simi- 
lar for the different florules. This is what, in mv Triassic work I 
have called the American distribution. The number of forms- 
common to anv two such areiis will indicate the botanical resem- 
blance l)etween such two florules. * Thus in the Triassic flora of the 
United States as known at the present time, the following table- 
shows the numl)er of species common to two or more of the basins: 
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New Jersey 
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But as the number of species occurring in the different basins^ 
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is very ditrerent these figures might lend to an erroneous im- 
pression. What it is desired to learn is tlie relative preponder- 
ance in any florule of species common to other florules. This can 
•only )>e shown In* a table of percentages. For the Triassic basins 
of the United States 1 present this information in the following 
iorm: 



Basins or Areas. Occurring ill 

1 


CoiiflntHl to- 


Common to and 

liome othtT 

Iraitin 


Per rent, in 
otlier ba«in«. 


♦Connecticut Valley 
J^ew Jersey and / 
Pennsylvania. \ 
Virginia 


2a 

18 

52 
i:; 


la 

5 

34 
25 

11 


13 

27 
*) 


39 
72 
39 


North Carolina 

New Mexico and \ 
Arizona "j 


52 
15 



Considering the well known fact that in almost any new local- 
ity for fossil plants, the majority of the forms found will be new 
to science, the percentages of common s|>ecie8 here shown, with 
the exception of the western basin, are large and may fairly be 
;taken to prove actual or approximate contemi)oraneity of de- 
position. 

The next st(»p is to ascertain how many of the species have 
ll)een found at other localities and horizons. This is what I have 
denominated their forritjn dUtrihatloH. To show this a table is 
j^repared with columns for such ditferent foreign localities, ar- 
ranged in ascending geological order, the lines of which are oc- 
cupied by the species found in the locality to be compared. The 
«pecies that have been already described from other localities and 
horizons are then indicated in the proper column by some char- 
acteristic mark. The range or geologic history of each species is 
thus recorded upon the same line on which the species is written. 

8uch a detailed table of distrilmtion of the .sj)ecies of any 
given group, is exceedingly simple and elementary; and in so far 
4is it goesre([uires no explanation. But there are other considera- 
tions to be taken into the account. In all the lower forms, consist- 
ing chiefly of cryptogams, cycads. and conifers, two facts are to 
be considered: In the first place it is to be remembi»red that our 
knowledge of the nature <»f these ancient forms is not sufficient 
for us to predicate with certainty their generic relationships. They 
are usually extinct forms and are given names accordingly as ex- 
tinct genera. In the second place, as all paleontologists now 
know, the ancient forms of life on the globe were less definite, or 
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as it is expressed in modern scientific language, less completely 
•differentiated than they are at the present day. The consequence 
is that we are all the time changing from one genus to another, 
and from one family to another as the evidence accumulates. 

Now there is no doubt that the later forms of life, both animal 
and vegetable, have developed from earlier forms, and these 
transition stages in the paleontologic record enforce this truth far 
more strongly than any facts in the living faunas and floras of 
the globe. Assuming then that the later floras are deriveii from 
the earlier ones, it is of the utmost importance, not only to the 
botanist, but also to the geologist, to trace these ancestral rela- 
tionships of plants, and this can be done with considerable suc- 
"Cess. Therefore in the preparation of a table of distribution we 
must not confine our attention exclusively to the species which are 
found in the group to be compared. In fact so variable are these 
Ancient forms that it would be impossible to do this. It would Ik? 
ver}' misleading to be guided exclusively by the names given to 
the species. The forms differ in different localities by such slight 
divergences that the |>ersonal equation of the describer would 
vitiate such a calculation. Some would join similar forms from 
different localities, others would separate them as distinct species, 
and the history of the nomenclature of paleobotany is merely a 
record of these apparently' conflicting determinations, but which 
in reality after all, .merely show that the forms are more or less 
closely related, although they can never agree in all respects. 

This, therefore, is the difficult part of the preparation of a 
table of distribution, viz. , to select not only the species which 
are universally regarded as identical in two or more horizons, but 
also such as are believed to be related to those of the group under 
-consideration. There is danger on the one hand of leaving out 
important related species, and on the other hand of introducing, 
as related species, those which really have no affinity. Without 
dwelling upon the details of this difficult part of the task, it must 
ibe assumed that the paleobotanist, if skilled in his craft, possesses 
that judgment which will enable him to distinguish the truly re- 
lated species from those which are only apparently so. To the species 
then which all admit to occur at more than one horizon or in more 
than one place, and which we will, for the sake of brevity, de- 
nominate ifientlati species, must now }>e added to those which are 
related to s|>ecies of the group, and which may be called i-ehited 



or nlVnd species. But this introduces a new element into the 
trtble since it is manifestly impossible to indicate these relation- 
ships by the same means which were used to indicate identity. 
It is necessary to use a separate line for each of these related 
species; also to use an additional column at the left hand of the 
margin in which to write their luimes. It is thea possible to use 
the same sign for the related species as was used for identical 
species, and to carry out its geological distribution in the col- 
umns as al)ove described. 

.Such a table is useful when one wishes to follow out any one 
particular species, and to trace its distribution to other localities 
and horizons. But it d<x*s not give a comprehensive view of the 
relationships of the flora in general; the data which it contains 
require to be condensed into more convenient form. 

The first step in such condensation should probably be the ar- 
rangement of all the species in the ascending geological order, 
of the formations in which thev also occur. Tt is instructive in 
such a table to show the indentical and the related species for 
each formation separately; that is to say, all the species together 
which are found at the lowest, next lowest, third lowest forma- 
tion, etc., of the entire range- of the group. In this way those 
horizons at which the largest number of species occur are clearly 
brought into view, not only V>y the numl>er of species which 
occur in them, but also bv the relative number of those which 
are identical to those which are merelv allied. 

This condensation mav be still further generalized bv the re- 
duction of the list of species to the numerical form; that is, by a 
statement of the number occurring at each horizon without 
enumerating the species at length. Just as in the table last men- 
tioned the sa^ie species will often be several times repeated, so in 
the table now under consideration,* the numbers in the columns 
include such over-lappings. Hitherto we have considered the sub- 
ject c)nly from the geological sUmdpoint, ))ut it is of interest to 
geology as well as to botany that some classification be made of 
th<» [)rincipal types of veg(»tation embraced in any flora. As the 
table last described is very short it is possible to introduce some 
such classification in it. In discussion the Triassic flora, which has 

♦This table appears in the Bulletin of the Geological Society of America, 
Vol. iii, p. 29. The larger tables used to illustrate this paper will be 
published in my essay on correlation, in preparation. 



• 
been the btisin of my remarks upon the method pursued, I have 

here shown the number in each horizon respectively, of ferns, 
et^uiseta, rhizoearps, eyeads, and conifers, these being the only 
types represented in the foreign distribution of that flora. 

The method of reasoning with regard to the age of the forma- 
tion from data of this kind, is important to be considered. The 
usual way is to prepare only some such extended table as the first 
one described, often without taking account of related species, 
and then to proceeii to discuss each species and its bearings upon 
the age of the group. The data thus considered are only abso- 
lute, not relative, and conclusions drawn from them are apt to be 
very misleading. I have frequently' pointed out that the great 
mistakes of Ileer and Lesquere\ix in placing the American plant- 
bearing strata too high in the geological scale was due to this 
fallac}'. These geologists compared the Dakota group flora, the 
Laramie group flora, and all the higher floras of the United 
States with those of the Miocene of Europe and of the Tertiary 
of the polar regions. They laid great stress on the fact that 
8l>ecies were found in these formations which could not be dis- 
tinguished from American species, or which could scarcel}' be so 
distinguished. Such an argument is of little value in view of the 
immense magnitude of the Tertiary floras considered. The Ter- 
tiary flora of Europe embraces elements of antecedent floras, and 
it is so well preserved that the number of these pre-Tertiary 
forms, holding over into the Tertiary, is far greater than the 
number of pre-Tertiary forms that have thus far been found in 
h)wer formations, which have yielded comparatively few plants 
A comparison, therefore, of the American Laramie group, for 
example, with the European Tertiary alone without considering 
the European Cretaceous flora, and without noting this continu- 
ance of Cretaceous t^'pes into Tertiary time, proved to be ex- 
tremely misleading, and resulted in the general impression, which 
Htill prevails in Europe, that our Laramie group is of Tertiary 
age. Perceiving this fallacy I was the first, and so far as 1 know, 
am the only one, to attempt an enumeration of the Cretac(»ou8 
Hpecies of fossil plants with a view to their comparison with tho.se 
of the Laramie group of the United States.* 

The system which 1 have just described obviates this fallacy. 

■ ^^^— ■ 

*Svnop3i8 of the Flora of the Laramie (rroup. Sixth Ann. Kept, of 
the I'. S. Geo!. Surv., pp. 44:J-514. 
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III fact it inakas xx compnriHon of the forms deterinincjd with those 
of Jill the formations in which any of its species occur. In rea- 
soning with reganl to it, therefore, one is constantly checked in 
considering any particular horizon, hy the facts relating to the 
horizons both aljove and below. For example, in treating the 
Triassic flora in the numerical table last described, if one's atten- 
tion were confined either to the Oolite or to the Lias, one might 
conclude that either of these formations was near to the one to be 
• determined. But dropping the eye down the column to the Rhetic 
it is observed that a considerably larger i>ei*centage of the same 
species, lK>th identical and related, occur in this. So great was 
this similarity that Professor Fontaine decided that this must 
represent the nearest approach in geologic age to the Richmond 
coalfield. But the siibsecpient researches of Stur, with which 
Professor Fontaine was, of course, unacquainted, in the Keuper 
formation of Lunz, in Austria, and in the Keuper floras of 
Europe of nearly the same age, especially those of Raibl in 
Carinthia, and of Neue Welt in Switzerland, have shown that the 
Keuper flora of Kiin>pe. although much less abundant, contains a 
larger numbiM- of American Triassic forms than does the Rhetic 
flora of Franconia, South Sweden, Brunswick, etc. So that al- 
though only a very few American forms occur at uny horizon 
lower than these, nevertheless we seem comi>elled to conclude 
that this Upper Keui)er horizon of Lunz, Austria, comes nearer 
to that of th(» American plant-bearing Triassic deposits than does 
anv other in the world, 

Xow the rpiestion may arise wli(»ther all this really proves any- 
thing. Wh(»re two floras as old as the Trias and as widely sepa- 
nited as Austria and Virj'inia are found to ajjree so remarkablv 
in the forms they contain, is it legitimate to conclude that the age 
of the one was the same as that of the other? Certainly not. 
And yet, if facts like this do not prove that then* existed an 
ep<K'h on lioth sides of the Atlantic, which to all intents and pur- 
|)oses nuiy h•^ regarded as simultaneous, then all paleontologic 
data are without value. The fact to be lM)rne in mind is that the 
correlation established h\ such data is homotactic and not neces- 
sarily chronologic. l{easons may exist why the same types may 
have come upon the stage at a later or earlier i)eriod at one of 
these loealities than at the other, l^ut of the nature of the5?e 
retardations or a<lvanceinents we an» without scientific explann- 
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tion. What we possess is the general fact that a similar flora 
once existed in two parts of the world very widely separated, and 
until some other facts are discovered which complicate and vitiate- 
such a conclusion, it is both safe and useful for the geologist to 
regard the two deposits as belonging to the same geologic age. 
There are certain limitations within which this must be true, and 
when these limitations are recognized the paleontologist may as 
safelv draw his conclusions as he could before the law of homo- 
taxis had l)een formulated. 



ACE OF THE LIMESTONE STRATA OF DEEP 
CREEK, UTAH, AND THE OCCURRENCE 
OF GOLD IN THE CRYSTALLINE POR- 
TIONS OF THE FORMATION. 

By William P. Blakr, Shnllitbnrg, Win. 

The Deep Creek region, so called, lies along the western border 
of Utah territory and nearly southwest of the Great Salt lake, 
Tt borders upon the state of Nevada, and has lately- been brought 
into prominence by reason of the development of deposits ot 
argentiferous lead ores and of auriferous copper ores. The pre- 
vailing formations are granite and limestone. The limestone is 
largely developed, and forms ranges of hills and mountains of 
considerable extent, trending generally in a northerly and 
southerly direction, parallel with the ranges of Tintic and of the 
.southern end of Salt lake. The principal range, known as the 
Ibapah, forms the eastern side of Deep Creek valley. Ibapah 
mountain, the highest peak of the range, is said to be the 
highest mountain in Utah; higher even than any of the grand 
mountain masses of the Wahsatch, not excepting Mt. Nebo. 
Ibapah is flanked on the north by massive strata of limestone, 
which in some places, notably at Gold Hill, are much uplifted 
and metamorphosed apparently by intrusions of granitic and 
porphyritic dykes, the alteration consisting in loss of color (the 
ordinary graj'ish-blue color being changed to white), a coarse 
crvstallization, and the formation of a varietv of silicates, such 
as garnet, tremolite and tourmaline, especially near the planes of 
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<-*oiit4ict with till* dvkes. There is also luoro or less* mineralization 

ft 

in places, either in the form of vein-like beds, or in isolated 
patches and bunches at a considerable distance fi*om any crystal- 
line rock — but not outside of the crystalline and whitened por- 
tions of the limestone. This last observation applies particularly 
to some of the copper ores found in the midst of the limestone 
existing primarily ius the variegated sulphuret — erubt»scite. These 
ore nodules have decomposed and have formed green carbonate of 
copper, which stains the rock for a considerable distance around 
and beyond the original nodule, or bunch, of sulphide. In such 
places free gold of high grade may be found by crushing and 
washing the rock. This noble metal occurs also independently 
of any cupriferous mineralization in the midst of masses of 
colorless tremolite, in coarse grains and strings in very much the 
same form in which it is found in other regions ramifying through 
(piartz. This is an unusual and uni(iue association of gold. 
It has been found. Imt rarely, in close association with greenish 
black hornblende in veins composed partly of (juartz and partly 
of dolomite, but never before, to mv knowledge, in white tremo- 
lite. This treiholite carries, also, .some small disseminated crvs- 

ft' 

tals of iron pyrites. 

The limestone in which the gold occurs appears to be the TiOwer 
Carljoniferous. or Mountain limestone, as shown bv an abundance 

ft 

of fossils, chietiy of the genus PnnhictHs^^ found a short distance 
east of (Jold Hill. 

From the fact that coarse gold in placer dei>osits has Iwen 
found at Osceola and its vicinity, nearly south of the llmimh 
mountain, it would appear that there is a gold region extending 
north and south near the Nevada and Utah line, and that the 
placers were formed during the period of great precipitation or 
rainfall which preceded the i)resent era of gradual dessieation 
At the place where gold is now taken from heavy de^iosits of 
boulders and gravel, the flow of water is wholly inade(iuate to the 
formation of such deposits, l^robably the deposits were formed 
during the great glacial epoch of which there are such magnifieeot 
records in the Sierra Nevada, and the Wahsatch as well as in the 
jincient beaches of lake Bonneville. . A good supply of water, 
<»ven for ordinary purjioses. is now one of the greatest needs of 
the l)(»ep Creek region. 
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EDITORIAL COMMENT. 



ARCHKAX ERUPTIVE ROCKS OF FINNLAND. 

Studlen neber ficlutinch^ Erupticgesteine aus dem stul w*ntlMfu Finnland. 
voD J. J. Sedkrholm. {Mineraloy, nod petrogr, Jfitth, XT 1^1891, 

This paper is an interesting and clear statement of the results 
of detailed geological and petrographical studies, in a field whose 
general features have already been described and mapped by Dr. 
Sederholm, in the Swedish language. 

The Archaean age of the ix)cks investigatini is determined by 
the geological cx»ndition which obtains generally throughout very 
extensive regions in Finnland, viz: that the Cambrian and Silurian 
rocks are found constantly in a perfectly horizontal and undis- 
turl)ed attitude, while the underlying pre-Cambrian have been 
much folded and altered. In the field described bv Br. Seder- 
holm the immediate superposition of the Cambrian is not ob- 
sen-ed, but the i-ocks he treats of are identical petrographical ly 
jMid in the conditions of their occurrence, disturbance and altera- 
tion with rocks the pre-Cambrian age of which is demon- 
strated; so that he infers them to have been in existence prior 
to tlu» great eiK>chs of disturbance and erosion, which antedated 
the Cambrian in this part of Kurope, and hence Archeean. 

Among the ditferent formations which the author recognizes 
iind describes ma}' be mentioned first a series of phifUites. mica 
st'hhts and hunilthnde achisfH, all of which appear to be altered 
sedimentary rocks. These altered sedimentary formations are 
surrounded by granite rocks, which penetrate them in innumer- 
able dykes and veins, both transverse and parallel to the planes of 
schistosity. For a.^wrtion of these granites the term '^Aih'r(/neiW 
is use<I as descriptive of its intimate interveining with the schists. 
Occurring in extensive masses there are two chief varieties of 
granites of quite ditferent age, viz: (1). A grat/ granite, rich in 
plagioclase and having generally hornblende as a constituent. 
This possesses often such a well marked parallel structure that it is 
<*ommonly alluded to as gneiss. This parallel structure is held to 
l)e a pressure etfect. In the midst of this granite there occur 
masses of basic rocks sometimes several kilometers in extent, but 
generally much smaller. These pass by gradations into the envel- 
oping granite, and are held to be more basic separatir)iis or secre- 
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tioiis from the same magma. These basic masses are now in part 
much altered, but they may be classed with the diorites, gahhroit 
and peridot lies. This gray granite formation is shewn to cover 
a much more extensive area than the schists, and it is held to 
constitute a geological unit and to be ifounger than the schists 
with which it is in contact. 

(2.) A reddish granite with gnrnets The feldspar is chiefly 
microcline, which is often in part intergi'own with quartz in the 
manner of pegmatite. The mica is chiefly and sometimes exclu- 
sively muscovite. The coarser varieties of this muscovite gran- 
ite pass into pegmatite. This red granite is younger than the 
gray granite. The red granite also shews very commonly' a 
parallel structure, ))ut this cannot l)e ascribed so deflnitely to- 
pressure effects as in the case of the older granite, but it is rather 
to be referred to some primary condition. Associated with these 
formations there is in the middle portion of the region examined 
a long ])elt, varying in width from two to seven kilometers, 
composed of fine grained rocks rich in hornblende, of which the 
most typical variety possesses a well marked jx)rphyritic structure, 
and is known as nmlitporphgrite. There are some minor varieties 
referred tf), as mehtphgre^ plagiochtse porphgrite, and amggdafotd, 
which are genetically allied to the typical uralitix)r|)hyrite. Out- 
side of this belt there are other occurrences, but of limited extent. 
Notwithstanding the great alteration which these rocks have under- 
gone, it is possible io recognizee their original chanict^rs. They 
constitute a series which ac^cords perfectly with some of the 
younger volcanic rocks. The occurrence of vesicles, of rocks 
which were originally glassy, and of tuffs and other volcanic 
ejectamenta is proof of the fact that for the development of these 
great eruptive formations there must have been a true volcanic 
activit}'. There was first an eruption of a comparatively acid 
magma, whi(?h solidified as a highly feldspathic andesite. There 
was at the same time, however, also a basic magma produced, 
from which arose melaphyre and plagioclase porijhyrite. The 
cause of the metamorphism of these rocks is sought for in the 
strong mountain folding which occun*ed in pre-(.^ambrian time. 
B}' this agency the eruptive formations buried deep in the crust 
were folded together and altered apparently under the influence 
of solution. The relative age of these various geological forma- 
tions is determined by the following facts: The unditf porphgrite 
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formation is found in contAct with the gray granite and the dio- 
iltie rocks genetically associated with it; it is also found in con- 
tact with the schists and with the red granite. From a critical 
study of these various contacts it is evident that the uralite por- 
phyrite formation is younger than the gray granite and the schists, 
but older than the red granite. Since the gray granite pierces 
the schists the latter are the oldest formation. The sequence of 
formations in order of relative age is therefore as follows: 

1. Phyllites and schists. 

2. <jrray granite and associated diorites. 

:(. Uralite porphyrite and associated rocks. 
4. Younger red granite. 

At the time of the extravasation of the uralite porphyrite 
the schistose rocks liad already been folded, and so deeply eroded 
that the underlj'ing granitic masses were exposed. It is probable, 
however, from the fact that the uralite porphyrite sheets are so 
often found in contact with the schists and phyllites, that the lat- 
ter were not extensively or completely folded up at the time of 
the outflow of the volcanic rocks, and that a great portion of the 
disturbance was etTected after that event so that the |)orphyrites 
were effected by it. 

The red granite traverses the uralite iK)rphyrite in numerous 
places, but the contact metamorphism is insignificant, and the 
alteration of the volcanic rock is, as above stated, ascribed 
rather to agencies attendant upon crust crumpling forces. 

A perusal of the paper suggests some interesting ))oints of 
analogy with the geology of the somewhat similar regions of 
Canada. For instance the horizontality of the Cambrian of Finn- 
land is comparable with the flat undisturbed attitude of the 
Animikie rocks of lake Superior. The absence of any observable 
basement for the altered schistose sedimentary formations and 
the occupancy of the place of that basement by an irruptive and 
younger granite appears to be very analogous to the conditions 
which obtain in central Canada, as observed by Dr. A. C. Lawson, 
in British Columbia as described by Dr. G. M. Dawson, and in 
Nova Sci>tia as inferred from tlie descriptions of Mr. Faribault. 
The gneissic character of the irruptive granites is also another 
feature which the rocks of Finnland and Canada have in common. 
And the establishment of the existence of true volcanic rocks, 
though much altere<l, in the Archiean of Finnhmd is in harmony 



52 Tli^ Amei^ican Geologist. January, vm 

with the conchisious which have l>een reached regarding the char^ 
iicter of many of the rocks of the Keewatin (Archaean) group in 
the region northwest of lake Superior. 

Earliest Man in America. 

The American Geologist, Vol. Vlll., p. 180, September, 
1891, and the American Nuturalifit, Vol. XXV., pp. 991 and 
1084, November, 1891, note the important additions that have 
lioen made to our knowledge of ancestral human t^'pes by the 
discoveries of MM. Lohest and Fraipont, of Liege, Belgium. 
These discoveries, together with similar discoveries at Canstadt 
and elsewhere in Europe, establish the fact that the anomalous 
cranium, known as the Neanderthal skull, which has been discussed 
with more or less energy since 1857, represents a race of men 
once widely distributed throughout Europe, and not, as has been 
over and over again suggested, a mere individual peculiarity. 
The object of this note is not to discuss these discoveries, but 
to point out the fact that America was once occupied b}' a race of 
low-browed men, that were in all respects as degraded as the men 
of Neanderthal or Canstadt. 

Dr. J. W. Foster* was among the first to call attention to the 
fact that tumuli in the Mississippi valley furnished crania cluir- 
acterized by great development of the supra-orbital ridges, low, 
retreating forehead, and zygomatic arches projecting beyond the 
genenil contour of the face. The skull from * ^Kennicott's 
mound." near Chicago, t had it been found in Europe, would be 
reganled as a fairly typical cranium of the Neanderthal or Can- 
sUidt nice. A cranium from the region of Dubuque, Iowa, is 
iiqually as flat and as destitute of forehead as the famous Nean- 
derthal skull. Dr. Lapham, speaking of the peculiarities of two 
skulls preserved at Milwaukee, Wisconsin, refers in particular to 
the "low forehead, prominent superciliary ridges, the zygomatic 
arches swelling out beyond the walls of the skull, and especially 
the prominence of the occipital ridge. "+ 

Four crania exhumed and described by Mr. C. L. AVebster be- 
long to the same degraded t^'pe. One of these from near Floyd, 
lt)wa, is figured in the American Nafurnh'ftf, Vol. XXIII, Plate 

*Pre-hl8toric liaces, Chap. VIII. 

t Foster's Pre-hisU^rir Jiaeeifj p. 280. 

JPrivate correspondence of Dr. Lapham (luoted by Foster. Pre-ht$- 
ton'r Iftirea^ p. 'iOO. 
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Vni, Figs. 1 and 2. Three others were from Old Chickasaw, 
Iowa, and are referred to on page 650, of same volume of the 
NatitraUst, Mr. >I. W. Davis, of Iowa City, Iowa, has a cranium 
.taken from a mound in Johnson county, which exhibits many of 
the same racial characteristics. Skulls of the same type are known 
from Indiana. In fact a low-browed, ape-like race of men was as 
fully developed and as widely distributed in America as in Europe, 

There is reason also to l>elieve that man was present in America 
at as early a period as the first record of his appearance in Europe. 
The arrow points found by professor Aughey in undisturbed beds 
of Lo6ss* at different points in Nebraska and Iowa, attest the 
presence of man in the Missouri valley in close proximity to the 
edge of the retreating glaciersi The human implements found in 
the Equns beds of the basin region indicate the presence of man in 
Nevada about the time he made his appearance in Iowa and Nebraska, 

The early low-browed American had for contemporaries an as- 
semblage of animals similar to those with which the Neanderthal 
man was associated. The Equua heds contain remains of two or 
three extinct horses, an elephant similar to the hairv' elephant of 
Quaternary Europe, a musk-ox, Ocihos cari/rofnt Leidy, and 
others for which see the writings of Cope,t RussellJ and Gilbert.^ 

Some recent discoveries in South America point to a race even 
more ancestral than that indicated by the flat crania of the 
Mississippi valley. The question may now arise whether man did 
not originate on the American continent. The eastern continent 
received its horses and camels from America; why may it not 
also have received from the same source its earliest stock of flat- 
sku1le<l men? 

Companions of Eozoon. 

The constant recession of the beginning of life to lower and 
lower horizons, is like the consUmt retreat of the rainlK)w before 
the boy who follows it in the hope of finding the promised ix>t of 
gold. Most geologists of middle life can recall the time when 
the lowest fossiliferous strata were those lying about the base of 
the Ordovician or Lower Silurian system. Below this wjis a chaos, 

♦Hayden's Annual Kept, of the U. S. Geol. & Goog. Survey of the 
Territories for 1874. AVashiiigton, 1876. p. 255. 

tBulletin U. 8. Geol. & Geog. Survey of the Territories. Vol. V. p. 48. 
Am. Naturalist, Vol. XVI. p. i94. 

JFourth Ann. Kept. U. 8. Geol. Survey, p. 40a 

§Lake Bonneville, U. S. Geol. Survey. Monographs, I. p. 5J!>4. 
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not indeed without fossils but in vvbich fossils were exceedingly 
scarce. 

Now, however, the immense (.^imbrian system has been erected 
in this chaotic region with its three divisions, each holding a 
characteristic fauna, and geologists are venturing on 3'et farther 
conquests in the same direction. The vast Pre-Cambrian masses 
intervening between the Cambrian and the true Archasan are be- 
coming more and more a field for careful investigation, and slowly 
we are finding traces of forms of lowly life that inhabited the an- 
cient seas wherein those rocks were formed. 

Behind these leons of Pre-Cambrian time lie the Archiean ages, 
and even these are not too old to yield traces of life. For thirty 
years has the spectral Eozoou canadcitsc stood before the world as 
a pala?ontologic problem : on one hand stoutly defended by its 
foster father, Sir William Dawson, and a few faithful friends, and 
on the other attacked bv almost all other students of the Foramini- 
fera. In the report of Dr. Frazer to the International Congress 
in 1888, jis given in this magazine for September of that year, 
are the opinions of fourteen geologists, of whom only three, Daw- 
son, Hunt and Walcott, pronounced in its favor. 

It is scarcely possible to doubt that not a few of these were in- 
fluenced against Eozoon l)v its loneliness. Standing solitary as 
the single relic of the life of the dim and distant Archwan, it was 
surrounded with a haze that no geological telescope could entirely 
pierce. For this reason it was ex^wsed, and naturally so. to sus- 
picion that would not have l>een felt had other organisms of 
similar date been known or even suspected. 

From this i>o\nt of view some of the recent work of Canadian 
geologists is of ver}' great interest. In his address as president 
of the Natural History Society, of New Brunswick, Mr. G. F. 
Matthew has rei)orted some remarkable discoveries among the 
Arcluean rocks of Canada. After noticing several connected 
matters, Mr. Matthew savs: 

*'lt is with pleasure that I am able to call your attention to the 
existence, in your neighborhood, of remains of organic forms of 
an antiquity far antedating the Cambrian age. 

'•As we have at St. John a definite base to the Cambrian sys- 
tem, and since those basal rocks carry the very oldest Cambrian 
fauna known, we are sure of the greater antiquity of the organic 
fonns to which I rt»fer. »:: 
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• *The rocks have been described in the reports of the geological 
survey of Canada, as the ** Upper Series' ' of the Laurentian area, 
and in this the fossils to which I refer have been found." 

In a subsequent paper read before the same society, Mr. ^lat- 
thew described these organisms. The first which he has named 
Arc/ia'ozoan acadiensc is, he says, more nearly related to the 
Cryptozoon of Prof. Hall than to Kozoon, but differs from both. 
To the naked eye it resembles pieces of fossil wood, and it occurs 
in immense numbei*s in a reef of limestone. 

Again in a later paper Mr. Matthew describes some other forms. 
One is Ci/athospongiaf eozoica and consists of parallel and forked 
spicules crossed by others at right angles or nearly so. The other 
is ILdichondrUes (j/raphiti'/erns, also a sponge, the spicules of 
which occur in immense numbers on the surface of the graphitic 
shales of the Upper Laurentian rocks of St. John, N. B. 

The importance and interest of these venerable fossils it is diffi- 
cult to overestimate. If sponges and Foraninifera have come 
down to us from the Upper Laurentian rocks there is less reason 
to be sceptical regarding the organic nature of Kozoon, if the 
Archjean seas were tenanteil by such creatures we may yet hope 
one day to have a fauna and flora of reasonable abundance from 
these old and crj'stalline limestones and their metamorphosed 
shales. We can no longer say that Kozoon stands alone a soli- 
tary relic, and scepticism on this ground has no longer any logical 
standing-place. 

There remains, however, still unsettled the question of the 

age of this **Upper Laurentian," or so called Archwan. Recent 

studies in the **Archa*an'* in the United States have shown that 

much of the limestone and quartzite, which by geologists thirty 

and forty years ago. were placed in the * 'Laurentian, " or more 

frequently in the **Upper Laurentian," belong in the primordial 

zone. This evidence is not only stratigraphie, but is also pal- 

eontologic. On this recourse the opponents of the Kozoon may 

still object to its Archtean age, if not to its assumed organic 
origin. 

REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Oeologie4il Harcey of Jfisttouri, Arthur Winslow, state geologist. 
Bulletin No. 5 contains: The age and origin of the crystalline rocks of 
Missouri, Erasmus H.\ worth, and Notes on the clays and building-stones 
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of certain western-central counties tribntar}' to Kansas City, i\, E. Ladd. 
Mr. Haworth apparently reverses at once the prevalent idea of the origin 

of the crystalline rocks ofMissouri. Formerly Prof. Puinpelly had repre- 
sented them as largely or wholly derived from sediments, and Swallow 
had only admitted the granites and the porphyries to be eruptive, ^fr. 
Haworth notes in the field the following evidences of their eruptive 
origin, (1) absence of true bedding, (2) flow and banded structure and 
lithophysie, (3) breccia, (4) scoria and amygdalcids, (5) tuffs, (6) absence 
of gradation of crystalline into non-crystalline rock. The petrographic 
evidence he discusses under the following divisions, (1) texture of the 
ground mass in the porphyries and breccias, (2) flow structure in the 
porphyries and breccias, (3) broken crj'stals due to flowage of the lava 
after the crystals were formed, (4) Magmatic corrosion of porphyritic 
crystals and of fragments in the breccia, (5) amygdaloids, (6) absence of 
metamorphic minerals. 

The rocks, taken together, he accepts as "Archean," but he does not 
define Archean. When it be remembered that "Archean*' has been made, 
very generally, until (luite.recently, to embrace all crystalline rocks below 
the Lower Silurian, but that there Is a complex of primordial crystallines, 
as lately demonstrated in Minnesota and New Jersey, which has an im- 
portant bearing on the limits of the true Archean, it would have been 
well if Mr. Haworth had gone a step further, if possible, and indicated 
whether it is not likely that the crystalline rocks about Pilot Knob belong 
to the crystallines of Taconic age. Their lithology seems to exclude 
them from the true Archean, and to point to the Labradorian, or erup- 
tive age of the Taconic. 

DeMcription* af Four Nvir Sptn** of Fossih from the Silurian Jiock/t of 
The SoutluusWrn Portion of thr Distrirf of Soahitchritaa. By J. F. 
WiiiTKAVEH. This small pamphlet of ten pages and one plate is re- 
printed from The fjonadion. Hccortl of Srienrr. April, 1891. The fossils 
described were discovered by Mr. .1. B. Tyrrell while making explora- 
tions for the Geological Survey of Canada. The localities are on Cedar 
lake and on the Saskatchewan river below Cedar lake. The liorizon is 
Upper Silurian. The species are Strophonunm ocanthoptmi^ Prntowerux 
(lecfisttiitus, (jfompfiorerds par ruin nty and Aciihinpin perorouito. 

CorUrihuiionn to Canadian Aficro-paliponfolof/i/. Part HI. Bj' Pkof. T. 
Rupert Jones, F. K. S., F. G. S. The sub-title of this paper, Oo nonie 
Ontraroda from the (JainhroSilnrian^ Silurian and Drronian Itoekn^ fully 
expresses its scope and object. Tliere are forty-one pages of text and 
four plates. 

TAihoratory Practice^ a nerien of t jperimmtn on the fundamental prinripU-M 
of cfiemistry. A companion volume to "The New Chemistry.'' By Josiah 
Parsons Cookk, LL.D. 12 mo, 192 pp., 1801, 1). Appleton & Co., New York. 

This little book is what it purports to be; the chemical princii)les are 
demonstrated by simple experiments, and during their perforuuince 
exact observation and careful noting of all phenomena are inculcated. 
There are first several experiments with water, demonstrating its density, 
expansion by heat and by freezing, its distillation, condu(?tivity of heat^ 
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it8 latent heat, its convereion to steam, its solvent power and its actioa 
as a chemical agent and compound. Air is then taken as an example- 
pi aeriform matter, and the student is put through various experiments^, 
under the guidance of an instructor to show tlie weight of air, it8relation< 
of volume to pressure (Law of Mariotte), its expansion, and tension in 
relation to heat and to its content of ac^ueous vapor. Oxygen, hydrogen, 
sulphur and indeed all the common elements are thus analyzed, together 
with their combinations, their properties discovered, or demonstrated, 
and made familiar by repeated operations and accompanying questions- 
which present the substances in different lights. Thus all the funda- 
mental principles also of molecular and atomic weights and their calcu- 
lation are illustrated. This leads on to chemical symbols and notation. 
and quantivalent expressions. The beginner who conscientiously pur- 
sues the course marked out cannot fail to become grounded thoroughly 
in the fundamental principles of chemistry, and he mmt conceive a sin- 
Cere love for the science and a reverence for the constancy of nature^s- 
laws, if not for the simplicity with which they may be demonstrated. 

Itt'port on th€ geoUtgy of tlie- four counties^ Vnion,, Snydet\ Mifflin and 
Juniata, w^ith descriptions of the fossil ore mines, Marcellus carbonate 
ore mines, Oriskany glass sand mines an<l Lewistown limestone quarries; 
illustrated by two colored geological maps. E. V. D'Ixvillikrs. Re- 
port Fg, of the Second Geological Survey of Pennsylvania; a report of 
progress, 420 pp., 1888-1889. Harrisburg, 1891. 

This adds another valuable number to that large series of publications 
devoted to the detailed description of the counties of Pennsylvania. 
The accompanying maps show that the area described is one of the 
most complicated in the Appalachian region of the state. Mr. D!Invil- 
liers has wrought patiently and well, and has put his results simply yet 
clearly and compactly into print. The volume will bear with Important 
testimony on the correlations which yet have to be made of the forma- 
tions of the state, whether between those of New York or Virginia and 
those of Pennsylvania, or those of Pennsylvania within the limits of 
Pennsylvania. It is an important and a great service yet due to geology 
in America, that the elaborate survey that has been carried on in Penn- 
sylvania for so many years under Dr. Lesley, shall be rounded out with a 
final report, showing some symmetry and general conclusions. The re- 
ports printed otherwise will fail of much of the good which their cost 
seems to warrant us to expect from them. We judge from Mr. Lesley's 
letter of transmittal that such a report is in preparation. 

On some new finlvea from Sauth Dakota, E. 1). Cope (Am. Naturalist, 
July, 1891, pp. 654-58). Five new species are described, G.phyrura con- 
e^ntric<i,? !Sar(Uniii»blackbui^ii, Proballontomus hnyulus, Oligoplarchus 
squamipinnis and Mioplosus multldentatus. Mr. Cope regards their 
characters sufficient to exclude them from the Cretaceous. Their age is 
Cenozoic, but whether Eocene or Neocene is uncertain. The rock is soft 
and chalky, and the fossils are from the liee hills. 

On a neio horizon in the St, John Group, (}, F, Matthew (Canadian 
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Record of Science, Oct., 1891, pp. 1JJ9-I3). By the aid of Mr. O. Slead; 
Prof. Mattliews has found, on Navy island, in St. John harbour; abuik^ 
dant specimens of Dictyouema ilabelliforme, in black shales of 1>lvi^oii 
three (Bretonian) of his St. John group. The Tremadoc fauna, howevdt, 
which is near the same horizon, is thought not to be on the island, but to 
the north of it, in the channel of St. John river. Associated with Dlcty- 
onema he found also the brachiopods O bolus, somewhat like O.apollonis, 
Obolella, Linnarssonia and a Lingula or Linguella. 

Tfu SUyry of the Hills^ a hook about mountains for general readers, K^v. 
n. N. Hutchinson, 12mo, pp. 357, Macniillan & Co., Mew York and Lon- 
don, 1802. Although this is a popular work it is based on a thorough 
knowledge of the geology of the subject. It illustrates how vastly the 
popular science of the day is improved over that of a century ago. In- 
deed the work here put forth as adapted to general readers would have 
been welcomed then as an addition to technical, or at least to philosoph 
ical geology. It embodies in a pleasant style much of the philosophy of 
the formation, age, erosion and uses of mountains, volcanoes, glaciers, 
sedimentation, pressure and upheaval. 

Correlation Papers of the U. S, Ge^dogttud Surety; Deconian and Carbon^ 
iferou4i, H. S. AViliiams, Bulletin No. 80, Washington, 1891. 

In his consideration of the Devonian and Carboniferous rocks profes- 
sor Williams discusses several problems connected with the subject, 
after he has given a general review of the literature. He examines in 
considerable detail the state of opinion regarding classification and 
nomenclature from the beginning of the century up to 1851. The Wer- 
nerian system, based upon mineralogical characters, long retarded the 
advance of geological knowledge, and it was only after the completion 
of the report of the geological survey of New York that the science 
advanced with any rapidity. The New York geologists, following 
the methods of Sedgwick and Murchison, fmally gave to the world the 
"** New York system," which, although somewhat defective, established 
a standard for the rocks of this country. 

Prof. Williams advocates the separation of the study of the geologist 
tfnd the paleontologist; he believes the work of the former should be 
to carefully observe the characters of the formations, describe their 
various features, preserve their fossils and so arrange his observations 
that ^'distinct association will be found in the name applied to. each 
formation with the observations actuallv made in the field. The refer- 
erence," he says, "of each particular formation to a place in some stand, 
ard scale should not be made without careful study. This careful study 
cannot be made independently of the fossils, for fossil! ferous rocks, and 
in order that the paleontologist may make his studies without prejudice, 
the names of the formations, their localities, and their petrographic 
characters should be described and recorded, quite independently of the 
fossils which they contain." (p 55.) 

The use of the term '* New York system" Is argue<l against Inasmuch 
as It is considered an imperfect division of geological time. lie advo- 
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■cates the addition of the Coal Measures of Pennsylvania, and then a 
natural group of the first order would be produced, nearly equal to the 
Paleozoic era. "Were we to adopt for this grand terrane the name Appa- 
lae^iian graup, we should have a properly constituted name for an actual, 
existing geologic group, free from theory, and its use would probably 
assist in the progress of science.** (p 60.) lie would discard certain 
lithological names still used in classifications, as tige can never be de- 
termined by lithological characters. ** It can be indicated only by that 
which changes with time under the influence of some definite law, 
and fossils alone have this value.'* 

In addition to his disbelief in tlie value of lithological features in 
determining the age of rocks. Prof. Williams ha8 but little faith in what 
is called "persistent parallelism of strata,** without the aid of fossils. He 
points out several erroneous correlations made by this "parallelism." 
One of these was by Hall who, claiming he had traced the rocks step by 
step from New York to the Mississippi valley, state<l that the Waverly 
sandstone of Ohio was the same as the Chemung and Portage groups of 
New York. (p. 63.) Other miHtakes were made by the geologists of the 
Second Pennsylvania Survey, who, assuming an average direction and 
rate of dip, identified formations by their altitude. The outcrops were 
followed from ravine to ravine or from quarry to (juarry, and though the 
same method was pursued by both Mr. White and Mr. Carll, when the 
correlations reached Chautauqua county it was found that Mr.Wliite cor 
related the Panama conglomerate with the third oil sand of Venango 
county, while Carll placed it entirely l>elow the Venango oil group. Prof 
Williams says: 

''The fact seems to be, as we review the records of the survey, tliat the 
data of lithologic character of rocks and of thickness of the deposits 
were so constantly variable that the Hlieory of persistent parallelism of 
strata* was little more than a theory, the exceptions to which were as 
numerous as the illustrations. It was a cut-and-try system of match 
ing together innumerable sections made up of irregular combinations 
of shales, sandstones, conglomerates, and limestones of various color, 
thickness, and texture. Whenever the gaps were over a mile or two 
4ong the adjustment of the theoretical dip, a few feet more or less to the 
mile, would enable the parallelism to fit any particular stratum in a 
given section. The fact that tliose w^ho showed evidence of having 
noted tlie fossils, although they may not have identified them, were 
invariably nearer right than those who neglected them, strengthens the 
belief that the fossils, even in this case, were the most valuable means of 
correlation.*' (pp 111-112.) 

Among the various problems discussed we find the differentiation of 
the Carboniferous system: the Coal 3Iea8ures or Pennsylvanian series: 
the Lower Carboniferous of the Appalachians and of the Mississippi 
valley: the Chemimg-Catskill problem: the Waverly problem: and the 
Permian problem. The use of the name "Carboniferous** is considered 
unfortunate, and Prof. Williams advocates its abandonment in favor of 
the "Pennine system,** inasmuch as it is in the Pennine chain of hills 
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that the typical Carboniferous section is found, (p. 81.) Th** limits of 
the system here are well defined both above and below, but in other 
places it shades off into the Devonian below or the Permian above. In 
these cases an arbitrary line must be drawu to indicate the limits of each. 
Again in the discussion of the Lower Carboniferous strata of the 
Mississippi valley, it is proposed to use the term MisHisaippuin series in 
place of the old name Subcarboniferous, upon the ground that the old 
name is inappropriate, and was * introduced as an expression of confus- 
ion and dissatisfaction with the correlations attempted.*' (p. 142.) This 
is a slight modification of the late Dr. Winchell's term Mississippi, ap- 
plie<l by him to the same series of strata. American geologists have 
not hitherto fallen in with the recommendation, and they may be slow 
to follow Prof. Williams in both of these proposed changes. The 
scheme proposed for the Subcarboniferous rocks of the Mississippi 
valley is as follows: 

CI»Mievi»»vo (Jroup.. , St. LoiiiM. 
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In the chapter on the Permiau problem the conclusion is reached that 
as far as the strata of Kansas ami Nebraska arc concerned there is no 
Permian system, the passage from the Coal Measures being gradual and 
not abrupt The application of the term is here considered i)urely artific- 
ial, and induced by those wlio sought to force a correlation between the 
rocks of Piurope an<l America. As for the Permian niuking as a separate 
system he says it is still an open ([uestion, "and bids fair to continue so 
until a natural method of classification for the time-scale be devised, 
"Which shall be independent of the lithologic; character of the rocks." {j). 

209.) 
The general remarks and conclusions are well worthy of careful pe- 

•rusal. That to paleontology is given the first place in all correlations is 
evident tliroughout the work. We have alr*»ady shown his opinion of 
the theory of "persistent parallelism of strata" and it is reiterated on page 
26:5. Here, also, he refers to the value of fossils, correlations by their 
aid being based upon actual evidence, which can be corrected by a criti- 
cal review; while the particular form of any organic structure is consid* 
ered determined by heredity and environment. "Hence we may deduce 
the law that, given the locality and the conditions of environment, the 
fossil has in itself the evidence of its geologic age." (p. 263.) In the 
Mississippian province he advocates a structural and a time scale of for- 
mations. From tlio first point of view there should be an increase in the 
number of formations: wliile from the paleoiitological standpoint the 
Classification is too minute and tlie number of formation should be re- 

dtice<l. 
A new feature is introduced in the consideration of geographical 

features as modifying geological classification, but it is not elaborated to 



-any extent. It having been demonstrated that classification cannot be 
based upon the uniformity of lithological constitution, and that uni- 
formity of stratigraphy cannot be relied upon for correlations "the 
modem school of paleontologists are demonstrating the fact that the 
divisional lines marking the biologic or time scale do not correspond to 
those of the structural or stratigraphic scale, but are determined by ia- 
dependent factors. In the classification of rock formations the character 
of the formations should receive chief consideration, but the particular 
geologic period in which the sediments are deposited has practically no 
relation to the nature of the sediments or their amount or their physical 
arrangement as geologic deposits. It is, hence, a grave question 
whether the development of our science does not demand tliat geo- 
graphic factors should take precedence of time factors in all classi- 
fications of geologic formations." (p. 207.) 

The standpoint of the new school of paleontologists of which professor 
Williams is an able exponent, is summed up in the concluding para- 
graph of the Bulletin . According to the Danvinian idea of species, as 
opposed to the Cuverian, *the modification of organic form is conceived 
as not an arbitrar}' matter, but as correlated with difference of envi- 
ronment and of genetic relationship, so that the lesser variations of 
specific form are of as great value to the modern paleontologist for pur- 
poses of correlation as is the identity of species. Comparison of allied 
species in the same genus exhibits to him the rate and direction of 
modification taking place in the genetic history' of the genus, and in the 
plastic or variable characters he finds a sensitive indicator of the stage 
of development attained by the race when the particular individual lived. 
Biological study shows him that the fossils must contain intrinsic 
e\idence of their geologic age independent of the formations in which 
they were buried, and his chief work is to learn what this evidence is and 
how to interpret it. To such evidence tlie final appeal must be made in 
all cases of the correlation of geologic formations/* (p 2«9.) 

Taken as a whole the Bulletin under review cannot but be regarded 
as a valuable contribution to the philosophy of geology; and while some 
of the conclusions of the author may not meet with the approval of 
all, they at least merit consideration. Some portions of the volume show 
signs of haste in preparation; and it would have been a valuable addi- 
tion had there been given a list of the books and papers consulted or re- 
ferred to in the course of preparation of the Bulletin. 



hp:cent publications. 



I. State and Ooveninient Iteports, 

Annual Report of the Geological Survey of Arkansas, 1888. Vol. IV. 
Part I. Geology of Washington County; Part II. List of the Plants of 
Arkansas. 

Ditto, 1890. Vol. I. Manganese: Its Uses, Ores, and Deposits. By 
U. A. F. Penrose, Jr. 
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Annual lieport of the Geological and Natural History Survey of Can- 
ada Vol. IV. (N. S.) 1888-89. 

II. Proceedinyn of Scientific Societies, 

Proceedings of the Academy of Natural Sciences of Philadelphia, 
1891. Part II, April-August, contains: Echinoderms and Arthropods 
flrom Japan, by J. E. Ives; Notice of Some Entozoa, by Joseph Leidy; 
Note on Mesozoic Mammalia, by O. C. Marsh; Fossil Faunas in Central 
Iowa, by Charles R. Keyes; On Paramelaconite and the Associated 
Minerals, by G. A. Koenig; Echinoderms from the Bahama Islands, by 
J. E. Ives; Memoir of Joseph Leidy, by 11. C. Chapman; Mollusca from 
Nantucket, Mass., by II. A. Pilsbry; Geological Features of the Meteoric 
Iron Locality in Arizona, by A. E. Foote. 

Ill, PtiptfH ill Scientific' Jo n rn a U. 

Am. Jour. Sci A'uj. Xo. contains: Some features of the non-volcanic 
ejections as illustrated in the four *' rocks" of the New Haven region. 
West Rock, Pine Rock, Mill Rock and East Rock, James D. Dana; 
Notes of a Reconnaissance of the Ouachita mountain system in In- 
dian Territory, liobt. T. Hill; Note on the asphaltum of Utah and Colo- 
rado, by Geo. H. Stone; A gold-bearing hot spring deposit, Walter H.. 
Weed; Restoration of Stegosaurus, O. C. Marsh. 

Sept. No. contains: Pleistocene fluvial planes of western Pennsyl- 
vania, Frank Leverett; Genesis of iron ores by Isomorphous and Pseud- 
omorphous replacement of Limestone, etc., James P. Kimball; Constitu- 
tion of certain micas, vermiculites and chlorites, Clarke and Schneider. 
A further note on the age of the Orange Sands, R. D. Salisbury'; Note on 
the causes of the variations of the magnetic needle, Frank II. Bigelow; 
Notice of new vertebrate fossils, O. C. Marsh. 

Geol. Mag. Aufntnt No. contains: Glacial geology, G. W. Bulman; The 
Pleistocene beds of (tozo, .1. H. Cooke; On orthoceratites vaginatus SMoth,, 
Arthur II. Foord; Pliysical studies of an ancient estuary, A. Irving; On 
the British earthciuakes of 1889, C Davison; The age of the Himalayas, 
W. T. Blanford. Sept. No. contains: Restoration of Stegosaurus, O. C. 
Marsh; The Scandinavian glacier and some inferences derived from it, 
T. F. Jamison; Transverse valleys in the eastern Caucasus, Hjalmar 
Sjogren; On the sands and gravels in the boulder-clay, G. W. Bulman; Re- 
cent geological investigations in the Salt range, India, A. B. Wynne; 
Rock specimens from Ivimi)erly, Prof. Bonney and Miss C. A. Raisin, 
with a note by T. Rupert Jones; Glacial mound^in Glen Frain, Dugald 
Bell. (kt. No. contains: On the origin of concretions in magnesian 
limestone, E. J. Garwood; Elevation of the American Cordillera, H. H. 
Howorth; On the British earthquakes of 1890, C. Davison; On the lower 
Greensand and Purbeck beds, P. B. Brodie; The lower Greensand or 
Vectian in Dorset, A. J. Jukes-Browne; On color-bands in WaWiA'imin 
perforata, Edw. Wilson; Note on the Coniston Flags, W. M. Ilutohins. 
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The Middletox Formation of Tennessee, Mississirri and Ala- 
bama; WITH A NOTE ON THE FORMATIONS AT LaGrANGB, TENNESSEE* 

The party of geologists, spoken of on page 408, Vol. VIII, of this jour- 
nal, stopped in their travels, for a couple of days, at Oxford, the site of 
the University of Mississippi. The chief ol)ject was to inspect the fos- 
sil plants, collected in Mississippi and now in the museum of the Uni- 
versity. While there, observing, with the other members of the party, 
the many interesting specimens, I happened upon a lot of peculiar rock 
fragments, containing casts of fossils, which had a very familiar look 
and which I thought must have come from some one of certain locali- 
ties in Tennessee. I at once called Dr. Hilgard's attention to them^ 
"No," he says, "they are from the Reeve's locality in Tippah county of 
this state, and from the *clay sandstone' found there." lie then referred 
us to page 112 of his "Agriculture and Geology of Mississippi," where a 
section of the rocks at Heeve's is given. "The clay sandstone is No. 2 of 
the section and from this the rock-fragmeuts in question came." Dr. 
£ug. Smith, who was standing near, recalled the fact that the same rock 
occurs in Alabama. 

All this was a revelation to me. I had known the rock for many years- 
in Tennessee, and did not know of its occurrence elsewhere. With us,, 
it is found at a number of localities. One is on the Memphis & Charles- 
ton railroad, at Middleton, in Hardeman county. An extensive outcrop 
of the rock is seen along the Bolivar and Purdy dirt road. It begins 
about eight miles from Bolivar and extends easterly two miles, or there- 
abouts, and nearly to Wade's creek. This is also in Hardeman county, 
through which county, indeed, the formation outcrops in a belt running 
north -northeasterly and south-southwesterly. 

The rock referred to, is one of the most characteristic of a group of 
layers. It is about two feet thick, a sort of conglomerate, consisting of 
lumpy clay mixed with sand, and more or less consolidated into a bluish 
gray mottled ma^s. It contains also green, glauconitic grains and casts 
of fossils. Dr. Hilgard, in the section referred to, speaks of it as "clay- 
sandstone, spotted blue and yellow, with green grain dots." The fossils 
he mentions as occurring in it are " VenericAtnHn phniMstaj Cnrdium 
nirolUtif I'roehus, Ostrea, etc.^^ 

The particular rock described is one of a group, or formation, which 
is evidently tlie lowest division of the Eocene of this region. 

From the interest attached to this group and the ver>' considerable 
extension it proves to have, it deserves a distinct name. Drs. Hilgard and 
Smith approving, I have named it the Middleton fonnati&n from the- 
name of the town where its outcrop is intersected by the Memphis and 
Charleston railroad. 

Immediately to the east of the formation, in Tennessee, lie the Cre- 
taceous (Ripley) beds, while to the west are the Flatwoods (Porter's- 
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Creek) clays. The formation will be further considered and reported 
upon hereafter. 

Another pla«^e visited by the party mentioned above, was the noted 
La Grange locality iu Fayette county, Tennessee. Those of the party 
visiting this point, in addition to the gentlemen already referred to, 
were Messrs. McGee, Ward, Hill and Holmes. All were much interested 
in the great display presented here. La Grange is located on the edge 
of a high table-land. Immediately to the south of the town, this table- 
land breaks away in a steep, bold escarpment down to the bottom-lands 
of Wolf river. The washes along the old roads leading from the town 
down the escarpment have displayed in grand sections the strata of the 
region. 

The Lafayette (Orange Sand) formation makes up by far most of the 
:8lopeu. At the base of the slopes, come in a group of laminated sands 
and clays, with shelly, siliceous shales and sandstones containing leaves, 
which it was agreed pertain to the La Grange formation. At the top of 
the slopes and sections, making the floor of the table-land and resting 
upon the Lafayette, is the "Yellow loam," a division of Mr. McGee**- 
Columbian formation. 

I add tliat the La Grange formation, wliich is so low in the sections at 
La Grange, rises, at points in Fayette and adjacent counties, to much 
higher levels, even appearing and outcropping, now and then, at the 
surface of the table-lands. The La Grange had an uneven, more or less 
•eroded, surface upon which the sands of the Lafayette were deposited. 

.Tames M. Saffori>. 

VtnulerhUt Ciu'ctrHity^ Xtinhriffe, Tenn. 



HiuLTOCiUArnv i ndektakkx hv the Intkuxatioxal Coxr.KRss ok 
Gkolooistk. — Mr. G. K. Gilbert communicates t<» the Geoixwist the 
following letter from Mr. Em. de Margerie, Secretar}' of the Interna- 
tional Committee on the Hibliography of Geology. It sets forth the 
organization and plans of the Committee. Geologists residing in North 
America who have prepared or are preparing bibliographies of any por- 
tion of the literature of geology, are reiiueste<l to communicate with Mr. 
Gilbert (address: G. K. Gilbert, U. S. Geological Survey, Washing- 
ton, I). C\) 

Ixteunatioxai. C<)X(;ukss of Geologists: Commcttee ox the Biblio- 

ouAruY of (teol<k;v. 

Paris, Rue de Grenelle 132, Nov. 20, 1891. 
Sir: At the meeting of Tuesday, September 1, 1891, the International 
Congress of Geologists, assembled at Washington, on motion of Messrs. 
H. S. Williams and de Margerie, appointed a pennanent international 
committee charged with the duty of centralizing the information relat- 
ing to geologic bibliography. This committee, which is authorized to 
Add to itself new members in unlimited numbers, comprises at present 
Messrs. Freeh (Germany), Gilbert (North America), Golliez (Switzer- 



land), Gregory (England), de Margerie (France), Keuscli (Scandinavia), 
Steinmann (South America), Tschernyschew (Russia), Tietze (Austria- 
Hungary), and Van den Broeck (Belgium). 

The end to be attained is threefold: (1) to prepare a list of the geologic 
bibliographies already in existence; (2) to prepare an inventory of those 
parts of geologic literature, which have not as yet been the subject of 
such methodic abstracting, in order to prepare the way for undertaking? 
comprehensively, the retrospective bibliography of the science; and 
(3) to proceed to the periodic registration of its current bibliography. 

The first meeting of the committee took place during the excursion to 
the Rocky Mountains. The following are its minutes: 

"The International Committee on the Bibliography of Geology met 
September 20, at 8 o'clock in the evening, in one of the cars of the 
special excursion train, between Manitou and Denver (Colorado). 
Present, Messrs. Freeh, Gilbert, de Margerie, Reusch, Steinmann, 
Tschernyschew, Tietze and Van den Broeck. Prof. H. S. Williams also 
was present at the meeting. 

"Mr. Gilbert was by acclamation elected President of the Committee, 
and Mr. de Margerie, Secretary. Mr. de Margerie w^ill take charge of 
tlie correspondence for Europe, and undertakes to transmit to Mr. Gil- 
bert all the documents intended for printing. 

"In regard to retrospective bibliography, Mr. GoUiez announced to 
the committee that the Geological Survey of Switzerland, Is preparing 
a geologic bibliography of Switzerland, which it will probably take 
several years to complete. Mr. Tschernyschew announced the existence 
of a catalogue of the same nature on the North of Russia, as yet un- 
published, of which he is the author. Finally, Mr. Van den Broeck 
called attention to the general bibliography of Bel&^um, which Is to 
comprise a list of all documents relating to the geology of that country 
published In the course of the 19th century. 

"After a short discussion, the committee decided to confine its eflforts 
for the time being, to the preparation of a list of the partial geologic 
bibliographies already In existence. Each member of the committee Is 
to perform that part of the work which relates to the country he repre- 
sents. For Spain, Italy and Portugal, which countries sent no represen- 
tatives to Washington, the committee will address Itself to the directors 
of the geological surveys of these three states. Mr. Tietze agrees to 
take charge of the bibliography of the Balkans, and Mr. de Margerie 
will try to fill out any gaps that may exist In the collection of documents 
gathered by the various members of the committee as regards Asia, 
Africa and Oceanlca. The manuscripts must be sent to the Secretary' 
l)efore Easter, 1892, In order to be printed with the proceedings of the 
Washington meeting. 

**The projected list will comprise the detailed titles of works entering 
into the following categories: 

"(1) Regional or local hihlioyrophies. (Examples: Geologic Bibliography 
of Italy; Geological bibliography of the counties of England, by Whltaker; 
Catalogue of the publications of the American surveys, by Prime.) 
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"(2) SystenuUic bibliographies, that i8 to say, relating to a defined group 
of facts, (e. g. Bibliography of the various classes of rocks, inserted 
in Rosenbusch's Petrography; Bibliography of the upper Jurassic, by 
Neumayr; glaciers, volcanoes, etc.) 

"(3) Persomd bibliographies. (Catalogues of the geologic publications 
of one author, like those that often accompany necrologic notices; 
Koyal Society's catalogues of scientific papers, etc.) 

**(4) Catahgiies of (feologic vi/ips. (e. g. Mapoteca geologica Ameri- 
cana, by Marcou.) 

"(5) Annual geologic bihliographits either general (e. g. Geological 
Record: Kevue de geologie, by Delesse and de Lapparent; Annuaire 
geologicjue, by Dagincourt), or special (e. g. Revue geol. Suisse, by E. 
Favre and Schardt; Bibliotheque geologique de Ja Russie, by Nikitio; 
Record of American Geology, by Darton.) 

" (6) Oenernl tnbks of special periodicals or series, (e. g. the Reperto- 
rium to the Neues .lahrbuch fur Mineralogie; Index to the publications 
of the Geological Society of Loudon, by Onierod; Table of Paleonto- 
graphica; List of the geological maps published in the Quarterly Jour- 
nal, by R. Bliss.) 

"(7) Printed catalogues of special libraries, (e. g. Catalogue of the 
library of the Geological Society of London. Catalogue of geologic 
works found in the libraries of Belgium, by Dewalque.) 

"As regards the scope to l)e given to the work, the committee thinks 
proper for the present to exclude all documents of purely mineralogie 
or paleontologic nature; on the other hand, information relating to 
petrography, physical geography, applied geology, mineral waters and 
prehistoric archeology will be included. For the rest, full latitude is 
left in this respect to the collaborators, the editor being empowered to 
extend or abridge manuscripts with a view of securing proper uniform- 
ity in publication. 

"Important manuscript bibliographies, the existence of which may be 
known to the members of the committee, are to be indicated in the 
proper places, stating name and address of author. 

"The publication will be in French, but manuscripts may be prepared 
in the language of the country whence they come, to be translated after- 
ward under the direction of the editor. 

"Titles must always be given in the language of the original publi(;a- 
tion; they will not be followed by a French translation except in case 
they belong to a language other than English, German, Italian or Span- 
ish. The indication of the author's name, place of publication (with 
the publisher's name in the case of a separate work), date, size and 
number of pages, shall be as exact and detailed as possible; furthermore 
it is desired to have stated the approximate number of entries contained 
in each bibliography, adding summar}' information regarding its nature, 
such as: *Alphabetic catalogue by authors' names; Catalogue classified 
by order of dates; Simple list of titles; Eac^h article is followed by a re- 
sume; The number of plates is not given; et<'.' The limiting dat^s of 
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the publicHtions catalogued in the bibliographies are also to be noted, 
(e. g. 1802 to 1888.) 

"In case a bibliograpby bears no printed title, which often happens 
with such as are appended to special works or memoirs, it will be proper 

to define its subject by means of a phrase in brackets: [ ], giving after 

this the complete title of the document in which the bibliography is 
comprised. 

"Publications which, without pretending to take the form of a methodic 
bibliography, contain the detailed history of the study of a question of 
general interest or of a country, are to be mentioned. 

"In order to facilitate the final classification of subjects for the pur- 
pose of printing, the collaborators are requested to prepare their work 
on separate slips." The Secretary, 

Emm. db Marqerib. 

To Mr. G. A". Gilbert, Meml)er of the Committee for North Amerien. 



PERSONAL AND SCIENTIFIC NEWS. 



Preuistoric Horses. — The genealogy of the horse has been 
most admirably worked out in various publications, and the fact 
has long been established that the genus originated on the North 
American continent. The question, however, as to whether pre- 
historic man in America had the horse as a contemporary has 
been a disputed point. This question may now be considered set 
at rest by the discovery of a skull of an extinct species of horse 
in strata with human implements. 

This discovery was announced by Prof. E. I). Cope at the last 
annual meeting of the American Association for the Advance- 
ment of Science. A skull of a horse was exhibited to the mem- 
bers by Prof. Cope, who pointed out the characters of the teeth 
and who stated it would be impossible for any one to separate 
the fossil teeth from those of the quagga and zebra if the three 
were all thrown together. In minor characters, such as those of 
the size of the Iwnes, the differences are preceptible. So there is 
no doubt the skull represents an animal different from an}' now 
living. That it was a horse, however, any one could see. 

The most curious thing a]x)ut the skull was its condition. The 
frontal lx)ne had been crushed in exactly as we see in the case of 
animals slaughtered for food. The friable bones protecting the 
eye sockets were intact, as were also the long nasal bones. 
Found in the same ]}ed with the skull was a stone hammer that 
l)ore evident marks of having been fashioned by the hand of man. 

What inference was to be drawn from this? In the first place 
it has been suspected and considered probable that early man on 
this continent had been contemporaneous with a horse, though 
not the present living species, but no direct proof had hitherto 
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l)een fouud. When Europeans landed on the new continent the 
horse was an unknown animal to the natives. So it had evidently 
long been extinct. 

All the horses now found in either North or South America came 
from stock originally brought over by Europeans. But here 
we have evidence in the association of a human implement and a 
horse's skull that man and horse had lived together, and the 
peculiar fracture of the skull of the latter leads to the belief that 
the animal had met its death at the hands of man. 

This fact opens several (questions. What became of the race 
of liorses that once lived on the continent? Were thev exterm- 
inated by savage man as civilized man has exterminated the 
bison? Did thev once serve as beasts of burden or were they 
used only as food? Were thev wild or domesticated? 

It seems probable that they were not used for any other pur- 
pose than as food, and that the}' existed only in a wild state, for 
it is scarcely reasonable to suppose that having once been used by 
man and so domesticated their use would ever have been forgotten 
or the breed allowed to die out. Neither is it probable that they 
were exterminated solely by the agency of contemporaneous man, 
for we know that in spite of the use of the bison by the Indians of 
North America their numbers did not decrease to any great ex- 
tent. It was only when civilized man began his destructive work 
that the bison began to disappear. 

What then was the cause of the disappearance of the horse? 
I f it were demonstrated that this early horse existed prior to the 
ice-age his disappearance might be attributed reasonably to the 
cold that prevailed, or to some of the attendant conditions. 
While Dr. (-ope considers the "Equus beds" as of Tertiar}' age, 
Messrs. Gin)ert, Russell and McGee have given much evidence 
that they are middle or late Quaternary. The co()rdination of the 
strata of the southern states with the drift sheet of the northern 
has not yet been elucidated. The early l^leistocene was connecte<l 
by a link which has not yet been discovered, with the latest 
Pliocene. Whether that link consisted largely of the advent of 
the ice-age, or the outburst of the Quaternary eruptive forces that 
characterize this date in the western and Pacific states, or both of 
these cotemporaneously, it is evident that it was marked by great 
physical changes sucli that the habitability of the country by 
many of the larger mammals was destroyed. 

Mr. Cope has given a description of this skull in the October 
number of the American NatuntUst. He considers it Eqvvs 
excelsnx Leidy,and remarks that it is the first that has come to light 
in the United States. 

The Spanish Government has determined to hold a his- 
torical and archaeological international exhibition next year, and 
especially honors the United States by its invitation and applica- 
tion for aid. The Spanish exposition will in no wise compromise 
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the success of the great Chicago world's fair of the following 
year. On the contrary the more perfect the first display, the bet- 
ter will the departments of archaeology and history be represented 
at our own ; for the Spanish government has generously proposed 
to transfer a large part of its treasures to our buildings during 
the six months which intervene between the closing of the one 
and the opening of the other. All persons having collections of 
archaeological, ethnological (mumismatic), or historical material 
connected with the history of this country both before the dis- 
covery and after the discovery, up to 1750, are urgently invited 
to loan it under the safe guarantees offered by the circular of the 
Spanish government, forwhich apply to Seiior Campillo, Sec"}^ of 
the Spanish legation at Washington. 

It appears that oeolooical frauds are not confined to this 
countr}', as the following extract from a late number of Nature 
proves. ' 'A notice which will be read with interest by all owners 
of gems, has been issued by Dr. A. Brezina, of the Natural His- 
tory Museum of Vienna. It relates to the doings of a young 
man who on September 2() contrived to conceal himself in tlie 
department just before the time for the closing of the Museum. 
He was caught and found to be armed with a revolver, and to 
have in his possession files and other implemei\ts. He had also 
in his possession nearly ()00 gems, some of them cut, but the 
majority in their natural sUite. He has a passport, in which he is 
described as Hugo Kahn, of Berlin, but he has also called himself 
Krony, Kronek, Kornak and Kronicsalsky. His age is 24, he 
measures in hight 170 cm., he is slender, has a longish handsome 
face, is of a brownish complexion, has dark hair, grey ej^es and a 
light brown beard, of feeble growth. Upon the whole he is an 
attractive looking person. He has made several journeys in Ger- 
many, France, Switzerland and Italy; and between the middle of 
last July and the beginning of September he travelled through 
PjTmont, Ems, Strassl)ourg, Basel, Milan, Genoa, Nice, Monaco, 
Genoa and Venice to Vienna. Most of the gems (the names of 
which with the exception of a rock-crystal, he does not know), 
he professes to have lx>ught from a barber in Marseilles. As it is 
imix)rtant that the former owners should be known, I)f. Brezina 
prints a list of the gems, with a request that any one who has in- 
formation alx)ut them will communicate with him.'* Evidently 
this man is not nearly so finished and thorough-going a scamp as 
the one lately exhibited in the rogue's gallery of the Geologist. 
The narrative given above well illustrates the danger to which all 
costly and valuable collections are exposed, when they are opened 
to the public, and the necessity of the utmost vigilance for their 
protection. 

The late Dr. V. Herbert Carpenter was the fourth son of 
the late Dr. W. B. Carpenter, C. B., F. R. S. He was found dead 
in his dressing-room on Oct. 21. At the inquest it was found 
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that he had killed himself by the administration of chloroform 
during temporary insanity. Dr. Carpenter had been Science- 
master at Eton since 1877. The Times gives the following ac- 
count of his scientific work : ' ' lie was a member of the scientific 
staff of the deep-sea-exploring expeditions of the < Lightning' 
(1868) and the 'Porcupine' ('69 and 70) and in 1875 he was 
appointed assistant naturalist to the ' Valorous ' which accompa- 
nied the Arctic expedition of Sir G. Nares to Disco 1. , and he spent 
the summer in sounding and dredging in Davis strait and the N. 
Atlantic. Dr. Carpenter devoted himself exclusively since 1875 
to studying the morphology of the Echinodermata, especially the 
crinoids. In 1883 he received the Lyell medal from the Geologi- 
cal Society of London and in 1885 was elected a Fellow of the 
Royal Society. His chief papers were * Notes on Echinoderm 
Morphology/ 'On the (Jenus Actinometra, ' * Report on the 
Crinoidea dredged l)y the Challenger,' *The Stalked Crinoids,' 
* The Comatula?, '' Report on the Comatula? dredged by the U. 
S. Coast Survey in the Cariljbean Sea,' and numerous papers in 
the Transactions of the Royal, Linniean and Geological Societies." 

Prof. P. Whitfield descriwks in Science, Dec. 18, the dis- 
covery of the remains of a mastodon on New York island, at the 
eastern end of Dyckman's creek at its junction with the Harlem 
river, sixteen feet below mean low-water. 

Mr. J. W. Kirk PATRICK in the same number of Science^ de- 
scribes the finding of a nugget of copper, also northern boulders 
and strse, near Fayette, Mo., near the central part of the state, 
the nugget weighing 23 pounds. 

The fourth annual meeting of the Geological Society of 
America was convened at Columbus, O., Dec. 20, 1891. The tT 
acting president was G. K. Gilbert. The numerous articles read \ 
will be noted as they may be published in the Society's bulletin. 
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ALEXANDER WINCHELL. 

AN EDITORfAL TRIBLTE. 

Note. The following memorial f<ketch of Alexander Winchell, who died February 19, 
1991, is a tribute of the Axbrican GEOLooieT to a deeeaKed memlier of itH editorial corpn: 
Aa one of its fontiden* and aio its zealous frieml and its most able and voluminous writer^ 
his memory and his eminent servicen in the infancy of the magazine can most fittingly 
be commemorated by this sketch of his life and work. At the Mame time this account of 
one whose name has for the past forty years been seen frequently in geological, educa- 
tional, philosophical, and even in theological literature, will satisfy not only a demand, 
but a just expectation which has often lieen expresse<l since his death. We are con- 
vinced also that the readers of the Gsolooist in general will take pleasure in receiving^ 
in lien of the misoellaneous contributions with which the GEoi.«KuaT usually is filled, 
this joint memorial of one whose voice, now rtilent forever, they have many times heard, 
perhap«>, either in the class room or on the public platform. 

r. SICKNESS, J>EATH AND Fl'NERAI*. 

Probably the first apprehension of serious iKwlily ailmc^nt of the 
hite Dr. Alexander AVinehell, bv others than hiinsc^lf and family, 
was experienceil while he was in attendance at the "VVashiugtoii 
meeting of the Geological Soc»iety of America (December 2i)-81, 
1890), where he servetl as the presitling officer in the alwenci*. of the 
president (Dana) and of the first vice-president (Newl^eiTv). J^vera! 
noticed the nshen hue of his countenjuice, ami those more intimately 
accpiainted with him knew of a weakness of limb, and a shortness 
of breath with which he suffered. He persistently adhered to the 
discharge of his <luties, however, in connection with the Geologi- 
cul Society, whether of an official or of a social character, and 
after adjournment he repaired immediately to his home at Ann 
Arbor, where he w:is inclined to remain until his strength should 
n»turn. llaviiior, however, several enjrs»ireinents to lectui*e he 
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remained quiet but a very few days, when he visited Highland 
Park (ne4ir Chicago) an(i Milwaukee, where he gave pul^lic lec- 
tures. Immediately on returning home again he entered on a 
course of four lectures on Eiolatioii^ delivered before the Geolog- 
ical Society of Ann .Vrlx)r. His weakness increased, and he 
could with difflculty walk to the lecture hall in the University 
buildings. The fourth lecture was never given, because the 
family physician, summoned against his protest, interposed, and 
before he could be restored death had put his veto upon it. 

The malady with which he had suffered for many years, and 
which he fully understood himself, but never mentioned to his 
family, crept upon him very slowly to its fatal termination. He 
had noted for several months that he became easily wearied 
physically. His breathing was ditticult, and lie had asthmatic 
symptoms. Nights he slept little, sometimes being compelled to 
rise in order to obtain relief from hard breathing, or panting. 
This he attributed to heart disease, but still kept about his work. 
Finally, when confined to his room, and mostly to his couch, he 
was regretful of the time he was compelled to lose in that way. 
His mind apparently ran over the themes of his lectures, and he 
planned new topics. "You must not think I am idle, though lying 
here," said he, ''for I have laid out two or three articles to l>e 
written.*' Later, the same day, he said: "I believe I can dem- 
onstrate mathematically the necessity of a modification of the 
nelmlar hypothesis of La Place. '' Still later he explained what 
he meant l)y the modification which should be made in the nebu- 
lar hyi>othesis. ' '1 Ijelieve I can show mathematically that each 
successive annulation was accompanied by, and caused, an en- 
largement of the orbits of every earlier ring; and that the various 
orbital diameters of the resultant planets have been enlarged from 
time to time, or pushed away from tlie residual mass." When it 
was remarked to him that the La Placean hyix)thesi8 required a 
constant shrinkage of the central mass, having once been extended 
to the utmost limits of the solar system, and that by loss of ring 
after ring it had been reduced to its present condition and size, 
*'Ah well," said he, "let those defend that who believe it, I be- 
lieve that, like an exogenous tree-trunk, the outer diameters can 
be shown to have been enlarged from time to time." This seems 
to be a new conception. It certainly would have been embraced 
in his "World Life." had it ever been presented before, but we 
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find nothing of it in that vohime. . The suggestion seems to be a 
fruitful one, and may l)e established or refuted by some compe- 
tent physicist. 

The immediate cause of death was suffocation, superinduced 
by dropsical secretions which permeated his whole system, and 
finally filled his lungs. The primary pathologic cause was aortic 
Me.twsis^ by which the aortic orifice was so reduced that the neces- 
8a r}' amount of blood could not pass it, deranging the whole cir- 
culation. The cause next more remote was a severe attack of 
^'inflammatory rheumatism'' in the spring of 18(15. and the origi- 
nal cause, as traced back by himself, at the time, was long ex- 
posure, in February, to cold in working in the University museum 
at Ann Arbor without fire. 

His old-time college friend, llev. Wm. S. ^^tudley, I). D., of 
Evanston, 111,, conducted the funeral, and delivered an appro- 
priate and eloquent address.* The burial was in Forest Hill 
cemetery, Ann iVrbor, where four of his children had preceded him. 

His death brought forth numerous expressions of sorrow and 
testimonials of esteem, some of which were dispatched from 
points as remote as San Francisco and Boston, and from several 
in Europe. One came from Central America, bearing a sprig of 
edelweiss from the n^wiss Alps. The geologists of the United 
States Geological Survey gave expression of their sentiment and 
sympathy, in the following words: 

Wasuinuton, D. C, Februarj' 20, 1891. 

* * * * By his unflagging devotion to science and his equally 
constant and successfal efforts to promote and extend beneficent knowl- 
edge among men, Professor Winchell justly won the respect and ad- 
miration of his fellow-students throughout the world; and by his per- 
sonal uprightness, the honorable motives manifested in his daily life, and 
his unfailing courtesy, he inspired the esteem and friendship of his pro- 
fessional associates in those scientiflc gatherings and institutions in 
which he always took so active and worthy a part. 

As students of geolog}' we deplore the death of one of the foremost 
geologists of the centur}'; as personal friends we mourn the loss of one 
of the most highly esteemed in our circle; and in this, our common be- 

♦This address with several others delivered at a memorial service at 
the Methodist church, May 10, 1891, has been published in pamphlet 
form. The "University memorial," embracing the address of Prof. M. 
W. Harrington, May «5, has also been put into pamphlet. The memorial 
address delivered before the Geological Society of America, in August, 
1891, by his brother, Prof. N. H. Winchell, is included in Vol. Ill, of 
the Society's bulletin, together with resolutions adopted by the Society. 
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reavement, our hoart« go out in ejmpathy to the stricken family who8» 
sorrow we share. 
Signed: 

J, W. POWKLL, G. K. OkLKBRT, 

C. A. White, Arnold Hague, 

Maiui'8 Bakkk, S. F. Emxoxs, 

J. S. Dii.LKH, W. H. Holmes, 

('has. I>. Wau^>tt, C. Wilij^rd Hayeh^ 

AVj*. H. Dall, Irrarl C. Russeij^ 

A. H. Thompson, Hknry Gannett, 

Walteu H. Wkei), Nelson H. Darton,. 

Bailey Willis, Garrick Mallery, 

W. J. McGkk, Henry W. Hensuaw^ 

Tho TTiiivei-sity Seiiato, Ann Arbor, juloptecl a memorial ex- 
pression of the h^ss sutfered l)v the University, from which the 
following is taken : 

* * * * To some of his l>ook8 it was given to guid<i to a degree 
rarely accorded to l>ook8 in thene da3'8, popular thought on the subjecta 
on which they treat. They have ha<l an influence which few* scientific 
l)ook8 have ever reached. They have not only made their author one of 
the most pronunent figures in American science, hut have made his name 
a household word in thousamls of families. 

But we feel the loss of Dr. Winchell not only because of his eminence 
in his chosen tield of work, but also because of his |)er8onal qualities. 
He was a man of impressive api>earanee and dignified l)earing, a court- 
eous colleague and a faith fuf friend, and those who knew him best found 
in him depths of gentleness and affection which are found but seldom. 
He was absolutely unswerving in his allegiance to what he believed to 
be the truth. With true scientific instinct he firmlv believed that all 
truth was one. and he devoted himself for many years to proving that 
science and revelation could not be in contUct. His faith in ascertained 
science was' no less unwavering than his faith in religion, and in earlier 
days when such an assertion provoked hostile an<l even bitter criticism^ 
he dared to assert and maintain that geology and revelation were in ac- 
conl. Unmoved by the storm which he had raised, firm in his convic- 
tions of scientific truth, and devout by nature, he then i>assed on to the 
study of the great problem"* of cn*ation -prohlems to which his deeply 
religious feeling, his love of nature and Ids natural bent and grasp of 
mind all irresistibly turned him. With a reverent but master hand he 
emleavored to lift the veil of the |>ast, to follow the steps of creation, 
ascertain its laws, and follow its evolution. These wen* the problems to 
which he <lelighte<i to devote himself. His otiier studies were only inci- 
dental to tiiese, or to the duties of instruction. It was under the inspira- 
tion of these graml problems that his most inthiential books were written, 
and his most elo(|uent discourses delivered; and. as it happens, his last pub- 
lic: lecture, the last lecture he was destined to deliver, when the feeble- 
ness of mortal disease was overcome by the inspiration of his subject, a 
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lecture which called together so many that his class room had to be ex- 
changed for University Hall— that his last public address was again 
devoted to one of the noble problems of creation. It was a fitting sub- 
ject for the last discourse, and a fitting close for the public life of so 
^reat, so able and so devout a man. 

A noble and striking personality, a man of great learning an<l lofty 
ideals, has l)een stricken down, and we grieve at his loss; a gentle and 
earnest spirit has left us, and we mourn. * * * 

The University Musical Societv. the Ann Ar])or (ieolojrical 
Society, the Wesleyan Guihl of the Vniversity of Michigan, and 
the trustees of the Methodist Episcopal church at Ann ArlK)r, of 
all of which he was president, adopted similar tributes. The 
Hamihon (N. Y. ) TlH^)lotrical Seminary and the Davenport Academy 
of Science adopted resolutions of regard and sympathy. 

The (reological Society of America, of which he was also pres- 
ident, at its meeting in the following August, had an appropriate 
memorial address, delivered by his brother, Prof. N. If. Winchell, 
iind adopted resolutions presented hy a committee, of which Prof. 
Edward Orton, of Ohio, was chairman. The address and resolu- 
tions are published in the Bulletin of the Society for 1S!H. 

A multitude of tributes from personal and scientific friends 
were riKjeived by his stricken family, but they need not here be 

ft •ft' 

further referred to. An extract from one simply will suttice: 

My admiration for him was boundless. He was the most learned man 
I have ever met, and I preferred his society to that of any other Ameri- 
<7an scholar.- Bishop Nettnuni. 

H. PKRSOXAL HISTORY. 

Alexander Winchell was born of parents in humble but com- 
fortable circumstances. December 31. 1824, in the town of North- 
ea.st. Dutchess county, New York. The ancestral homestead, a 

ft.. 7 

large frame farm-house, for many years used as a hostelry by his 
grandfather, Col. Martin E. \Vinchell, for the accommodation of 
the travelers who passed by the stage route between the Hudson 
valley and the towns of southwestern Massachusetts, still standing, 
is surrounded by an undulating mountain plateau forming one of 
the spurs of the Taconic mountains, and long known as \Vin- 
eliell mountain. His father was Horace Winchell, fifth child and 
third son of Col. M. E. Winchell. His mother was Caroline 
McAllister, of Northeast, of Scotch-Irish ancestry, from the 
Protestant families of the noith of Ireland. His father's descent 
is traceable directly to Robert Winchell. an Enirlishman wlu) set- 
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tied at Dorcliestor, Mass., in 1GI14, and removed with the first 
settlers to Windsor, Conn., in H)35.* His father died in 1873, 
at Lakeville, (^t., at the age of 77 years. His mother still lives, 
at Lynn, Mass. , with her daughter, at the age of 85. Borne of 
the dominant traits of Alexander's mental, as well as physical 
constitution were derived from his mother. 

1 824. lie was the first-lwrn, and under his father's fond tuition 
he received not oiilv the first elements of his education but the 
earliest impressions of honorable striving and achievement. His 
father and mother had both been teachers in the public schools of 
the town, and Alexanders training profited by that experience. 
On the dav that he was st»ven vears old he recited, without mis- 
take, the entire "Multiplication Table' to twelves, and had com- 
pleted Enifison's First Part of mental Arithmetic. When three 
months past ten he had been through WUhtts Arithnictlv (similar 
to DaboU's) and had transcribed all the definitions, rules, prob- 
lems, and full solutions in a maiuiscript book, which is still ex- 
tant among his papers. This early bent for mathematics re- 
mained through his entire life, and gave shape to numerous 
discussions and arguments. 

1S:{8. He was at first destined for the profession of medicine^ 
and spent two years with a great uncle. Dr. Charles McAllistery 
in South Lee. Mass., attending the '-Stockbridge Academy*' in 
the summer and the village school during the winter. The Latin 
which he had begun with his father in 18H7, was here resumed. 
In 1840, being still too young to begin the study of medicine, he 
visited his parents, intending to remain a year. Having one day 
expressed to his father a desire to teach, though not yet 16 years 
of age. his father immediately responded that he would obtain a 
position for him. and a district school was engaged, which he taught 
during the winter of 1S40-41, his patrons supposing him to be a 
young man of 21. Here one of his amusements was the collection 
and solution of arithmetical problems. He began here the practice, 
continued ever afterward, of putting on record the results of his read- 
ing and studv. He had alreadv filled two volumes with arithmetical 
solutions and rules. Here also he began the keeping of a diary,and 
a strict account of expenditures, forming a habit which he never 
lost, and which furnishes the materials for this pei*sonal sketch. 

*(fpnealo^3' of the Family of Winchell in America, embracing the 
etymology and liirttory of tlie name. Alexander Winchell, 1H<J9. 
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1841. His fondness for teaching l)eing confirmed, he engaged 
another school for the summer of 1841, and during its progress 
he pursued, at his leisure, the study of some higher mathematics. 
Bay's Algebra he completed by himself, resolving every equation 
and problem, absolutely without assistance, and writing all the 
results in a book. Before autumn he had also finished Davies' 
Survfyhtg, and then Flint's Surveijuig^ writing as before all the 
solutions in a book. During the winter engagement of 1841 and 
1842 he taught Gummere's Survet/htg. In March, 1842, he 
joined the M. E. Cluirch, in Pine Plains, Dutchess county, N. Y., 
and this menil)ership he maintaine<I to the time of his death. 

1842. By this time he felt that the study of medicine must Ije 
postponed for a more extended course of preparation. In fact 
the resolution was virtually formed to devote himself to the life 
of a teacher. In the summer of 1842 he took up Greek by him- 
self. All this time he received spirited encouragement from his 
father, although he had now passed Vn^yond the limits of his 
father s education. He wa« working with Goodrich's First Lfs- 
sotts, when Rev. Davis "VV. Clark, then principal of Amenia Sem- 
inary (afterwards bishop) made his acquaintance and urged him 
to enter the Seminary, which he did Septemlwr G, 1842. The 
winter of 1842-43 was, nevertheless, spent in teaching a district 
sch(K)l ; though he pursued b}' himself the study of the ^Eneid, 
and of Salhist's CtitiUne. Astronomy, which he also studied, 
fired his imagination, and aroused latent perceptions wliich later 
liecame longings, and blossomed into l)eautiful fruition in his 
World Life. 

1843. He rejoined his class in the spring of 1H43, and stood 
with them the examinations in the studies of the year. During 
the winter of 1843-44 he was Assistant in the Seminary in the 
English department, in the spring taking Principal (Mark's classes 
in Algebra. His studies this term took a remarkably wide range. 
Besides completing his preparation for a collegiate classical course, 
he finished the ''teachers course" in the seminary (including 
geology, mental philosophy, Paley's Evidences of Christianity^ 
and natural theology), and received the diploma. He was vale 
dictorian of his cl:i.ss, and acted a part in a dramatic sketch (writ- 
ten bv himself) entitled The Jit Ian of Tcmu-. There remain to 
this day, among the older, and especially amonjj: the later students 
at Amenia Seminarv, tratlitions of the mathematical achieve- 
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ments of '<that 1k)v Winchell* durinur th^ Inst year of his study 
there. 

1844. He wa« now prepared for college, but the difticulties 
that lK?»et a 3'outh who at that time aime<i to acquire more than a 
common school education, if without means to meet the financial 
obligations, in any of the colleges of New England, can only lx» 
enumerated by those who have encountered them. His friends 

ft 

generally regarded the idea as chimerical. For a sustaincnl aspini- 
tion to secure the benefits of such a course he here acknowledges 
himself indebted again to his father, who was educate<l at 
Phillips Academy, Andoyer. and to his uncle. Abraham Winchell, 
who had received a liberal education at Yale and Harvard. How- 
ever, in September, 1S44, he was matriculated ixs sophomore at 
AVesleyan rniversitv, Middletown. Conn. Here he encountered, 

ft' ». 7 ' 

with iiulignation, the first check in his educational ardor and suc- 
cess, in a rigorous 'marking .system.' which at that time laid 
special stress on the literal reproduction of the words of the 
text-lM»oks. Like most of his cla.ss-mates — among whom were 
Kdward (Javer Andrews (now bishop). Cornelius Cole (since con- 
gressman from California). Orange .ludd (benefactor of his alma 
mater and long the <listinguished agricultural editor), Jost^ph K. 
King (the well-known president of Fort Kdward Institute) — he 
left the .strujjjj^le for colleije honors to the very few who could 
cramp their natures to tin* luirrow conditions of success. Here- 
tofore* he had always expected to win the fir.st premium whenever 
a prize was ottered for competiti<ui. but from college honors prof 
fered under so narrow conditions he turned in disgust, and he 
alwa>'s recollected with indignant condc^mnation the conti^ast be- 
tween this discipline and that more generous and encouraging 
w^hich he had experienced at Amenia Seminary, under Principal 
(Mark and Joseph Cunimings. 

1845. The winter of 1844-4.') he taught the village school at 
Winsted, Conn., and in lS4r)-4(J he was assistant in Simmons' 
Classical School in his native town. He graduated with his class 
in 1S4T. being assiijned the -'honor'" of the * •modern classical 
oration." I lis theme was Thf Ihufxin-iinj (^f Itnlitin Llttraturr. He 
then became teacher of luitural .science at Pennington Male Sem- 
inary, N. .1.. where he entered with irrepressible zeal and delight 
upon the study of the Hora of the vicinity, by the aid of that ad- 
mirable work. Darlinirton's /Vo/v/ (Jrsfrirn. As the Morse electric 
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^telegraph lia<l just Ikhmi put in operation Ijotween Baltimore aiid 
AVashin^on he set liimself to tlie task of produeinjr, with his own 
hands, a working instrument, and though nothing Ix^^ond the 
fundamental principles had been made known to him, he suc- 
cecnled perfectly. At a public exhibition and lecture lie em- 
ploye<l an alphabet c)f his own invention for transmitting intelli- 
gence to the farther corner of the hall. By |>opular recpiest this 
lecture was repeated. Here als<» he gave a series of jK)pular lec- 
tures on astronomy. During this year he devoted considerable 
att^Mition to the study of Hebrew, under the instruction of prin- 
K*ipal Rev. S. M. Vail. The grammar used was that of Seixas; 
and as no copies were found in the market, he did not hesitate to 
make a manuscript copy for himself. Years afterward, his 
honored instructor, remembering the incident, presented him a 
printed copy. 

184G-49. He now began to feel that the field of mathematics 
was less spacious and inviting to enterprise than that of moiieni 
science, and, <Ieclining the tutorship in mathematics tendered him 
by president Smith of Wesleyan University, and the otter of c*on- 
tinned position at Pennington Seminary, he returned to the Semi- 
nary which had prepared him for college, whert^ he accepted the 
•chair of natural science. Here he gave his first public geological 
lectures. During lH4t» he made a thorough exploration of the 
flora of the vicinitv. With the small reflector of the institution 

ft 

he made some observations on solar si>ots, which were published 
in the New York Trihimv for Xoveml>er ."), 1H49. He began here 
also a series of met(H)rological observations which were reiK)rted 
to the New York regents, and published in the report for 1850. 
These and later observations are incorporatcMl in the quarto vol- 
ume on New York mettM)rology by Dr. Hough. He was married De- 
•cember 5, 1841K to Miss Julia F. Lines, of Utica. N. Y., who was 
the teacher of instrumental music at the Seminary. 

1850. In 1850 he transmitted to the New York Board of Re- 
gents his first contributi<m to science, being a Catuloffue of jdnnts 
fouuil yroir.lny without rultivation in the viciititif of Amt'hia *Sein- 
ittan/.* In July. 1850, he receiv(»<l from his alma mater the de- 
gree of maxtvr of arts, delivering on the occasion, by ap|)oint- 
.ment, an oration on Worh. 

Having accepted the charge of an academy at Newbcrn. (jreene 

♦Hejrent'a Ueport. 1J:*51, p. 2ri«J. 
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Co., Ala., he presented his l)otjuueal collection, numbering 1,000- 
phmts mounted and lalxiled, to Amenia Seminary, and set out 
with his wife, Octol)er 5, 1850, for his destination in the then, 
distant south. 

Here, witli the expectation of a larger field for observation and 
study, lie found the '*Academv" was located in the woods, in a 
small settlement, in the heart of the richest cotton lands in the 
stiite. It waa materially unlike the situation which his imagina- 
tion had pictured, l)ut with the cor)peration of his wife, and with 
the calculation of eclipses for an amusement, he entered upon the- 
work of "building up" an institution — and not without some suc- 
cess, but the beginning was too small to suit him; and, having 
visited Eutaw, in the same county, for the purpose of purchasing 
some unused apparatus from an inanimate institution, he was 
induced to change his plans so far as to use the apparatus wheixj 
it wjis, and attempt the resuscitation of the institution. Accord- 
ingly in the spring of 1851 he opened the * 'MesoiKitamia Female 
Seminary,'* with a full corps of assistant teachers, and the usual 
paraphernalia, accompanied by the seductive annouucementi* suited 
to the occasion and the latitude. 

1851-52. There had always been an unrealized vision floating 
before his mind, of a coui*se of scientific investigation. Here he 
entered with zest upon its execution. He fitted up a chemical 
lalH)ratorv. and, making some (juantitative analyses, they were 
published in the Eutaw papers. He had already communicated, 
to the Autrn'rtm Jtnii'mil of Scivnre tind Arts notes on the cold of 
January at Eutaw, Ala,, and on the aurora borealis of September 
2[). 1851. He also opened correspondence with the Smithsonian 
Institution, and, kindly encouraged by Prof. S. F. Haird, assist- 
ant secn»tarv, busiinl himself in making collections of plants, ani- 
mals and fossils. During 1852 he transmitted to the Institution 
a large collection of plants and a considerable number of alcoholic 
specimens and preserved skins. Among the fishes was a new 
species, afterward described ])v Girard as llybopsis winchelli.. 
The Cretaceous formation of his vicinitv interested him exceed- 
ingly and he mach' a faithful study of Chnvtmr Bhiff, on the 
Black Warrior river, the results of which he communicated,, 
through Prof. Baird, to the Cleveland me(»ting of the American 
Association for the Advancement of Science, in 185:5. This w^as 
the first scientific description of the locality. Some of the- 
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scientific papers published in tlie Eutaw journals in 1851-52 and 
1853 were as follows: Yellow Rain, in which he first announced 
the nature of the sulphur-like substance appearing in little pool* 
after a spring rain. By chemical analysis and by microscopic 
examination he proved it to be pollen from the pine regions of 
the Gulf border. Other topics were Vtnomons Serpents; Analy- 
sis of Artesian Water; On the Use of green wood for Fml; Ex- 
it mi nation of '''Sandy Land'' Soil; The Garpike. 

1858. In 1858 he had the satisfaction of witnessing the veri- 
fication of his first geological opinion, ventured on an economical 
(question. Artesian wells were extremely common throughout the- 
region south of Eutaw, and it was much desired to have such a 
well in the village. He pronounced against its possibility, basing 
his judgment on the fact that the water-bearing stratum at the 
>K)ttom of the Upper Cretaceous outcropped half a mile south of 
the village, while the Lower Cretaceous was composed chiefly of 
non-i)orous, argillaceous In^ds. The authorities, nevertheless, ex- 
pended a thousand dollars in an unsuccessful experiment. 

In July, 1858, he made the aeciuaintance, at the < 'Commence- 
ment" of the University of Alabama, of Prof. >I. Tuomey, who 
proved a valuable friend. Here he saw for the first time those 
classical works for the southern geologist, Morton's Synopsis of 
the Cretaceons system of the United States, and Conrad's Descrip- 
tion of Tertiary Shells. The former he transcribed for himself, 
and returned to Eutaw with new impulses toward investigation. 

Successful management of a southern female institution of 
learning required, at that time, a large amount of personal solici- 
tation, and much pandering to the southern love of display. To 
this he could not willingly stoop, even had he not determined to 
devote his vacations to scientific work. Partly for this reason, 
and partly for rea.sons for which he was not responsil)le, the sem- 
inary did not prove as prosperous as might be desired ; and, hav- 
ing been elected president of the * 'Masonic University" at Selma, 
Ala., he sold out his afl'airs at Eutaw, and in July, 1S58, entered 
a new field. 

Armed with a ''Prospectus, ' he started out, with wi horse and 
buggy purchased for the i)urpose, to spread the claims of the 
University before the people of southern Alabama. The unan- 
nounced secret of the expedition, liowevc^r. was the purpose to 
make it a yeoloyieal four. Not neglecting Ijusiness interests to 
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any gljirin<5 extent he travele<! by Cahaba, Prairie Bluff, Clai- 
lK>rne and the Zeuglodon locality in Macon county, as far as St. 
Stephens on the Tonil)ig]>ee; and thence by Camden and Allen- 
ton, on the east side of the Alabama river, to Selma. No richer 
or more attnictive region was ever open to the geologist. He 
stood where the veteran geologist Conrad had stood: he studied 
where the distinguished Morton had .studied: he ex[)lored the 
hole where Dr. Koch had exhumed his I/i/flm rrlton, tiud picketl up 
the vertebne of that serpent -like cetacean with his own hands, 
lie gathered large ipiantities of Cretaceous and Tertiary fossils, 
and from Claiborne he shipped two barrels full to the Smithsonian 
Institution. The yellow fever was raging in Mobile, and had 
almost reached the districts which he visite<l; but a diffei'ent fever 
was raging in his vein.s. At Claiborne lu* collected a (juantity of 
undescribed fossils from the lowest beds of the Kocene, and fixed 
the northern limits of that formation twentv miles further north 

ft 

than had been mapped by Tuomey. For miles south of Selnia 
he saw the fields overstrewn with Jfippnriffs which the planters 
profanely burned into lime — as in Macon county they were using 
the precious vertebne of Zeuglodon for -'dog-irons" (andiron.s), 
stiles and gate- weights. His collections arrived at Selma in good 
ctmdilion, and he devoted the remainder of his vacation to a.ssort- 
ing and determining them. 

The collections sent to the SmitlisoniHii Institution were highly appre- 
ciated by I'rol. Hainl, who wrote, December 2<), IHoS; "The collection of 
tiahes is nuigniticent, nearly all undoubtedly new, six species of Pomoti$ 
alone, cannot give complete lists at present as the genera, even, of some 
are indeterminable. The whole is the richest collection we have ever 
received from the south. * * * fnless I much mistake you and 
your abilities it w(m't be many years before you will be called to a big 
professorship somewhere north or east. Mark my words for that " — 
Xine days after these words were peimed he was elected to a chair in 
the University of Michigan. 

It will illustrate how lonir the scientific invesiiarator must wait, some- 
times, after the seed is sown, before he can reaj) his harvest, to note that 
the geological specimens collected on this southern Alabama trip in 
1853, and sent to the Smithsonian Institution, were investigated first in 
1880, when Dr. C A. White took them in hand, and among others der 
scribed Exotjijru trinclulH from those sent from Prairie IJluff, on the Ala- 
bama river.* 

♦Proceedings l*. S. Nat. Mus., 20 May, issu, p. 2iM, pi. n, figs. 2 and 3, 
and pi. in, figs. 1 and 'l\ also Annual report of the lluvden Survey for 
1870, pi. XIII, figs., 1 a, b,c,d. C'(nnpare the Annual Ue[)i>rt of the Institu- 
tion, 180:1, pp. 51,5*2,57. 



The **Univer8ity" opened with encouraging prospects; but 
within a few days the yellow fever made its appearance in the 
city in a very malignant form. Half the population fled; the 
institution suddenly suspended operations. Two deaths occurred 
in the house where he, with wife and little daughter, was residing, 
but he and his family remained at their post. In November he 
received a letter (dated November 16) from president Tappan of 
the University of Michigan, announcing his election to the chair 
of ''Physics and Civil Engineering" in that University. This 
position he quickly accepted, and the Masonic University was- 
abandoned for a long vacation. His fossils were packed for the 
journey, during the long, silent and solemn days of visitation of 
the yellow fever. 

Before leaving the state he paid another visit to Prof. Tuomey,. 
taking with him a trunk full of fossils, from which Prof. Tuomey 
was permitted to retain all he chose. Among them were the un- 
described Kocene fossils from Allenton. These remained in his 
liands awaiting attention until the federal army visited Tuscaloosa 
during the war, when, with the treasures gathered by Pn>f. Tuo- 
mey himself, they were devoted to destruction. 

1854. He entered upon his duties at Ann AHx)r, the 24th 
day of Jan., 1854, at the full professor's salary of $1,150 per 
year. His family who had visited in Utica, N. Y., joine<l him a 
month later. 

The work of the chair devolved upon him a large amount of 
preparation. In.struments and apparatus were wanting, an<l he 
visited New York to make pui'chases. No goo<l elementary text- 
books in civil engineering were in existence — a deficiency sjje^nally 
felt in the department of railroad sui"veying. He was obliged to 
compile and originate matter and methods: so that within a year 
or two he had wrought out the material for an original work on 
civil engineering. As a branch of physics he attended to the 
k(>eping of a complete series of meteorological ob.servations 
which, while he held the chair, he re|>oite<:l to the Smithsonian 
Institution. 

The State Agricultural College of Michigan, then lately estab- 
lished, had not yet been definitely located. The (juestion of site 
had been referred by the Legislature to the executive committee 
of the State Agricultural Society. Seeing that they were about 
to decide, if they had not :ilrea<ly decided, on a location in the 
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unsettled interior of the state, he drew up a communication on 
the subject, addresseii to the executive committee, urging reasons 
for connecting it with the State University. Tlie argument did 
not prevail, but the paper was published by the State Agricultural 
Society in its report for 1854. 

During the summer vacation of 1854 he made some excursions 
in company with Profs. A. Sager and Charles Fox, for the pur- 
pose of making collections in natural history. A specimen of 
shell-marl collected was analyzed quantitatively, and the results 
published in the Mtchiijan Fannrr. He gave a good deal of study 
to the land and fresh -water-shells of the state, as well as to the 
reptiles and fishes. 

1855. In the spring of 1855, he became enlisted in an effort 
to found a state Natural Ilistorv Societv, in connection with the 
State Teachers' Association, and read a paper, — published in the 
Michigan Jounntf of Education for March, 1855 — On the Pursuit 
of the datura? Sciences, lie also published a scheme of oi)era- 
tions proposed. But interest in such subjects was at a low ebb, 
-iind the organization was so loose, and scattered, that this project 
never produced much fruit. During 1855, Prof. L. Agassiz' 
prospectus for a voluminous work on the Natural Uistory of the 
United States was issued, and through personal riH|uest Prof. 
Agassiz appeals were addressed to the public by Prof. Winchell 
through the papers of Kutaw. Ala., and of Ann Arbor. In 
August he made a railroad survey from Ann Ar]x)r toward Jones- 
ville, as far as Manchester. 

On the basis of an undei'standing reached, on his assuming the 
chair of * 'Physics and Civil Engineering,'' the University created, 
this year, the chair of ''Geology, Zoology and Botany;" and to 
this chair Prof. Winchell was transferred. The meteorological 
instruments which he had purchased and usihI, impelled by his 
interest in natural physics, were surrendered regretfully to his 
successor. Prof. Winchell had indeed kept up a continuous series 
of observations ever since 1848, first at Amenia, under instruc- 
tions from the New York llegents, then at Newbern, Eutaw and 
Selma on the blank forms of the Smithsonian Institution, and 
lastly at Ann ArlK)r. He still continued, however, with his own 
instruments, the full series excepting tiie luirometric records. 
The habit established of regular observations of the weather is 
traceable even through the last weeks of his life, since his diary 
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nearly always records the morning temperature, and also maj«es 
"mention of all extraordinary meteorological changes. His Ann 
Arbor observations were finally worked up under the auspices of 
the Smithsonian Institution, and also by himself in connection 
with the geological survey of the state. 

1856. He read a paper, in 185G, before the State Teachers* 
Association, On the importanee. of the IStudif of Natural Historif, 
in which he advocated the introduction of these studies into the 
Union schools and the lower classes of the colleges. He read 
also papers before the American Association for the Advancement 
of Science, at Albany, N. Y., on the Geoloyy of Middle and 
Southern Ahtbanui, and Statistics of some Artesian wells of Ala- 
hania.* Much attention was given also this year (185G) to micro- 
scopical studies; and a large number of drawings in colors were 
executed with the camera lucida. 

1857. In the early part of 1857, he contributed, by invitation, 
31 series of seven articles on l^opnlar Education^ under the signa- 
ture of "Scholasticus,' to the Detroit Tribune. In one of these, 
having animadverted on the "Prussian system," president Tap- 
pan put in a reply, extending over several numbers of the paper. 
It was stated at the time that the first articles emanated from the 
president of Kalamazoo College, Dr. Stone, and that president 
Tappan imagined himself replying to him. 

At the request of Mr. B. F. Meek he made out a general table 
of the Cretaceous rocks of Alabama, which has entered perma- 
nent 1}' into the literature of the Cretaceous system, t He pub- 
lished this year also AGuldeto the Pronunciation of Scientific Terms 
— ^a pamphlet intended for his own students, but which had quite 
a circulation among scientific men, until the edition was exhausted. 

During the summer of 1857 he made a minute microscopic in- 
vestigation of Lumhrlcnlus, with colored drawings and descrip- 
tions. In the autumn and winter he drew up a detailed descrip- 
tion of the osteology of Marohranchus {Necturus) lateralis. He 
opened in the autumn a class in comparative osteology, which was 
attended by al)out eighteen students from the Medical College, 
besides those from the Literary department. In subsequent years 
the professor of anatomy instituted a similar course for the medi- 
cal students. 

♦See Proce^inf/8, pp. 82 and 94. 

tSee Proc. Acad. Xat. Sci. Philadelphia, May, 1857, p. 126. 
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1 858. During the winter of 1 857-58 he delivered a series of 
public lectures, by request of tlie Young Men's Association of 
Ann Arbor, in the hall of the Union school. Except the public 
geological lectures of Dr. Doughiss Houghton, in Detroit, this was 
the first presentation, before public audiences of the state, of the 
popular truths of geology. The final lecture^ entitled. Creation 
t/ie work of one I lit flit gene*' . and not the Product of Phyairal Forre$^. 
was published in pamphlet form bj- the Association. This was 
inspired, confessedly, by Agassiz' splendid Ensay on Classifica- 
tion^ in the sentiments of which he felt a profound sympathy. 
In May, 1858, he published, for the use of his students a Sifuop- 
tival vivir of t/w tSarresMton of Ort/anir Tt/p*'s, which went through 
three editions. He carried through the Michigan Journal of Edu- 
cation a serit^ of nine )K>pular articles under the general hejuiing 
Lea rea from the Bonic of Nature. During the summer he visited 
Missouri, and held a (luasi-connection with the geological survey 
then in progress under Prof. Swallow, sending to the Ann ^Vrbor 
papers some account of what he saw. 

1859. In Januar}', 1859, he memorial ized the State Legisla- 
ture on the subject of a gt»ological survey (House Document No. 
29); and the survey having l>een onlerwl he was commissioned by 
Gov. Moses Wisner, as director. On the lOthof May he set out, 
with a <*anip-outfit and one ;i.ssistant, A. I). White, for the per- 
sonal examination of the southern portion of the Lower Peninsula. 
He served this year also as editor, and against his will, as pub- 
lisher of the Mirhiijan Journal nf Education^ to which he con- 
tributed numerous artich»s and criticisms — among them a |>opular 
solution of the celebrated ••Pendulum l*roblem." As president 
of the State Te;ichei's' Association he managed its interests, and 
delivered the annual address on What CnnMtitntes the Successful 
Tearher. In October, having, during the season. studied the geo- 
logical relaticms of the various l)rine springs of the state, he pub- 
lished, in one of the (J rand Rapids pnpei*s. a general conclusion 
from which he never had occasion to recede. He discouraged the 
attempt to produce salt at (J rand Rapids. His exploration of the 
Saginaw regi<m enabled him to locate the salt formation at the 
depth of r)50 feet iMMieath Kast Saginaw. This was lK»fore the 
first well was l^>red. Kxperinient revealed the existence of a sup- 
ply of brine at G48 feet. As. <biring the same season, he had to 
oversee the erection of his new resi<lence. costing alH)Ut ten 
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thou^aiul 'dollars, it is apparent that this was a year of unceasing 
activity. 

1860. In 1860 the work of the survey called him to spend 
most of the summer season in camp around the lake shores. He 
wa,s able to co-ordinate the salt wells at different points along the 
Saginaw river. The leisure of the year was occupied by paleon- 
tological investigations. 

ISlIl. llis Report of Pntgreaii of tht Geolttyiail Snrvet/, an 
octavo volume of 3I^1> pages, was published in August, 1861. 
In this lie fully anticipated the vast development of the saltinter- 
<»st in the Saginaw valley. \n ccmsequence of the outbreak of 
the war the Jjegislature made no provision for the continuance of 
the survey, but the paleontological investigations were carried on 
privately through the year. As with all surveys the Michigan 
survey entailed on the director a burdensome correspondence relat- 
ing to i>ossibh» and projected economic measures in various parts 
of the state. One only need here be mentioned. To an appli- 
cant for information respecting the existence of gypsum in the 
vicinity of Tawas, he indicated a ridge near the lake shore, which 
he had inspected during the season's examinations (not the well- 
known outcrop b>' the water's edge further south) as a locality 
containing probably a large supply of gypsum. Some experi- 
mentei-s had already pronounced the locality barren ; but his cor- 
respondent, taking a location for the price of an old gun, sold it, 
after the discovery of IS feet of pure gypsum, for some thou- 
sands of rlollars. On this sjjot has since been developed one of 
the finest gypsum (piarries in the world. 

1862-r»:j. Tlis special paleontological study was directed 
tovvanl the serie.s of strata which he had designated the '^Mar- 
shall group," a (.^irboniferous assemblage which had been regarded 
by American geologists as the equivalent of the New York 
Chemung, lie published a communication on these rocks in the 
Amer. Jour. Sci. [2], vol. xxxiii. p. 853, which contained his 
first descriptions of new species. Further descriptions were pub- 
lished in the Proceedings of the Acad, of Nat. Sci. Phil, for 
Sept., p. 405. He also published an article in Hunt's Merchants' 
magazine for September, on The Salt Mannftrtitreof theSagindw 
Valhi/ Researches in the Marshall group were continued tlirough 
1S63. and the following articles were published: On the Lhntifica- 
tiott t,f tliv CiitRkill Red sftndstone f/ronj) with the Chemung (Am. 
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Jour. Sci. [2J, XXXV, HI); Descriptious of fosHih from thr iV/- 
low Sinuhttnivn li/int/ htnt'tif/t the Btirlinytou liinrstoiw of Bnrliuff- 
toii, lotni. (Proe. Acad. Nat. Sci. Phil. Jan. 1868). He also 
published Dfurriptlima of eJpplnintttU' molars in the Muxemn of 
the Uitt vera it J/ of Michigan. (Canadian Naturalist, October. 1S63. 
p. 398.) He also investigated minutely the **Cherry slug," 
Cehiiidrio rrrosi, and liis report was i)ublished in the Proc. Bos. 
Soe. Nat. Hist., Feb. 1865. 

1864. In 18(>4 he made a detailed studv of the '-Currant 
worm" microseopieally and embryologically. The results were 
published in the r)etn)it Frrr Press and republished in the Ameri- 
can Jonrnat of Sritnrv^ September, 1864. The following further 
papers were published this year. Fossils from the Potsdam Sami- 
stouf of Wisconsin and Lake JSnpcrior (Amer. Jour. Sci. [2] 
XX XVI I. p. 226): Notice of a Mastodon recently disrovertd in 
Michigan. lb. [2] XXXVIII. p. 223: Description of a garpikr 
supposed to lie new (]iej)idosteus oeulatus), (Proc. Aead. Nat. Sci. 
Philadelphia, Aug.. 1864); Geologiral map of Mirhigan: On the 
origin of the Prairies of the Mississippi ralleg (Am. Jour. Sci. 

[2], XXX VII I, p. 332). 

18()r) In January. 1865, he delirered an address at Lansing. 
l)efore the Executive Committee of the State Agricultural Society, 
on The .s(h'Is and subsoils i>f Mirhigan, which was published bv 
the Committee in pamphlet form. In this he insisted on the 
agricultural value of the ••i>ine lands" of the state, and i)ointed 
out the existence of a large calcareous constituent in the .sandy 
soils a liout (^» rand Traverse bay. He continued his investigation 
of the fossils of the "Marshall group. " and published another 
series of descriptions of new si)ecies in the Proc. Acad. Nat. Sci. 
July, 18()5. AlK)ut this time his attention was much taken up 
with the phenomena of oil wells, and he was called to many and 
distant places for the purpose of making surveys. He visited 
and studied, in this way, all the oil-producing regions of the 
United States and (\anada: and a large number of his reports 
were published by the proprietoi*s in separate pamphlets. He 
wrote numerous articles also on these subjects for the pu}>lic 
journals. 

It was in February and March of 1865 that the germs of the 
malady which finally caused his death, were made apparent in an 
impairment of his general health and rheumatic pains. On tlie 
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invitation of Prof. James Hall, he visiteil Albany, caiTying along 
with him a "trunkful" of fossils for mutnal study and compari- 
son in Prof. Hall's laboratory. Siraultanoously with the com- 
mencement of preparations for this trip, according to his diary, 
rheumatic pains were perceived in various parts of the ])od3'. 
These w^ere attributed to having taken a bad cold through exposure 
in the Museum, where he had to work without fire. Once onlv 
(February 14) while at Albany, he not«s ''continual fluttering and 
palpitation about the heart. Ears ring. Stomach impaired. No 
difficulty in drawing a long breath." Repairing to his father's 
home ( Lake vi lie. Conn.) on February IG, he became much worse 
and passed through a severe siege of inflammatory rheumatism, 
under the faithful nursing of his mother, leaving there again for 
Albany on March 15, and reaching Ann Arbor. March 22. Al- 
though his rheumatic pains ceased gradually, the cardiac mani- 
festations were kept up, and increased alarmingly. His diary for 
the next two or three years is burdened with references to the 
'^thumping'' and the '^"^pasms" which he constantly experienced 
about the heart. He consulted Dr. Abram Sager soon after 
returning from Jjakeville, and from his treatment he experienced 
some temporary relief. He carefully analyzed his own case, and 
the following may be taken as samples of many passages in his 
diary written when, at Lexington, Ky., he was inaugumting, un- 
der Regent Bowman, the courses in natural science, at Kentucky 
University. For years, and appareuth' until he wius wholly in- 
capacitated by the encroachment of the disease, h^ lived with the 
impending probability of sudden death constantly before him. 
After considering the (piestion whether the peculiar sensations he 
felt might not be centered in the stomtich instead of the heart, he 
writes : 

Be that as it may the circumstaDces have been such that I have been 
led to think much about the probable shortening of my life. Xo one 
can think of death without some shrinkiag back. To go out of the 
w^orld into the untried uncertainties which lie the other side of death is 
a serious business — ^to drop half-flnished plans— to leave life's work but 
half completed — above all to leave a little destitute family- -to break 
their hearts with bereavement —to leave my little daughters to the trials, 
griefs and exposures of an orphan life — poor, education and accom- 
plishments not yet secured— Oh, this is trying. But it is after all for 
them rather than myself, that regret arises. As for me— the individual — 
I must die sometime, and the uncertainties of the future will be as great 
twenty years hence as now, and so far as regards nature's reluctance to 
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^o down into noii-existeiice, I have no desire to postpone the day. For 
the worUVs sake, for my name's sake, for sun'iving friends' sake, I had 
hoped to do more for humanity, more for science than I have, I seem to 
))e now prepared to labor efficiently in the field of welldoing, I had 
lioi)ed to complete my work on Natural Theologj'— my Geologic Ages 
and my Physiological Zoologj'. And then I am half prepared to mono- 
graph the horizon of the Waverly sandstone. Would that I might be 
spared to do that. 

But there are real attractions on the other side of the dark river. I 
daily see, in inia<<:ination, my little angel trio standing hand in hand and 
looking longingly toward the shores of earth and wondering when papa 
will come. Oh, if I eouhJ feel the firm assurance that I should meet and 
know them there, I should cast every regret aside, and joyfull}', joyfully, 
await the day. Ft may be that I can attain to this assurance. I under- 
stand that others have enjoyed it; and I pra}' God his spirit may guide 
mo to the same aciiuisition. (2G Jan., 1S<)T.) Again he writes (Feb. 11, 
'07): The other night as I was lying in bed and considering what could 
be the nature of the phenomenon, I concluded the most probable expla- 
nation is this: The spasm occurs during the time of contraction of the 
ventricles, as is shown by the suppression of thepulse, and by the failure 
of the sharp, "deep" sound caused by the closing of the mitral valves. 
It must be then that the mitral valves do not close when the ventricle 
contracts, and thus the blood from the left ventricle instead of l>ein<r 
thrown into the aorta is forced back into the left auricle, meeting the 
blood just entering that auricle from the polmonary vein. This sudden 
and unusual infiux of blood from both directions into the auricle pro- 
duces a concussion and distension of that auricle and possibly an un- 
usually spasmodic struggle of the whole heart. As tlie right auricle is 
situatetl near the centre of the thorax and contiguous to the stomach, 
the unusual movement whicli it suffers is felt by the stomach, and thus 
that organ seems illusorily to be the seat of the abnormal action as it is 
the seat of the sensation. 

But in reference to this explanation it should be marked, 1. A regurgi- 
tati(m of the blood into the right auricle and a prevention by this means 
of the contents of the pulmonary vein from proceeding forwards would 
result in a momentary congestion of the lungs, which should be Indi- 
cated by a sense of suffocation. 2. As T have never experienced symp- 
toms of any real inrtanimatorj' action in the heart, or the region of the 
lieart, and have never even suffered any jiain except occasional wander- 
ing or shooting pains, which many times were seated in the muscular 
layers of the chest, I do not perceive it possible (aside from the exiat- 
ence of the spasms), that any such disease has existed in the structures 
of the heart as to cause an alteration in the constitution or efficiency" of 
the valves, o. There exists therefore room for some other explanation 
of these abnormal symptoms. At the same time irregular or intermittent 
action of the heart is caused freijuently by the state of the nervous sys- 
tem: and at the same time these spasms and the pathological condition 
on which they ilej^en<l, ]>roduce no perceptible influence upon my health. 
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On the whole, therefore, I am left in a state of uncertainty as to the 
fuct of valvular disease. 

Two things I have neglected to mention. I. These sensations are 
about the same as are produced by a sudden shock — as when a window 
falls, or a door slams, or some person suddenly starts up before one. 
This would affiliate them to nervous affections. 3. Occasionally, lately, 
when lying quietly in bed, listening to the sound of the heart, I have 
fancied that the "deep" sound produced by the closing of the mitral 
valves is not as ihnrp as it used to be — but somewhat softened and pro- 
longed. This is as I believe it should be if there is an imperfect closure 
of these valves, and some of the blood regur/^itates into the auricle. 
But if this is the constant mode of action I am sure some im])ression 
should be made on my respiration^ which I have not yet detected. I 
breathe as long as ever, and I am no more inclined to pant than ever. 

In hypertrophy of the heart, the ventricles, from over nutrition, lose 
the requisite capacity; but so far as I can see this would result only in a 
more sluggish circulation of the blood, producing a sense of falntness 
and suffocation — instead of irref/ularity in the pulse. 

186G. He applieil himself, notwithstanding these solemn pre- 
monitions, and perliaps partly through the sense of the brevity 
of his remaining years, to his duties and to all his plans, with 
great diligence and effectiveness. In 18G6 he published, in con- 
nection with Prof. Oliver Marcy, who supplied most of the speci- 
mens, ''An enumeration of fossils in the Niagara limestone, col- 
lected at Chicago, III.," with two lithographic plates of illustrations 
drawn by himself. Tliis contained descriptions of numerous new 
species. He made this year an economic survey of the Gniml 
Trarersf region^ on which he published an octavo rei>ort of S2 
pages, with a map. In an appendix of 20 i)ages were embraced 
descriptions of a considerable number of new species of fossils. 
This report first brought to notice the remarkable influence of 
lake Michigan upon the climate of the r(*gion, and the wonderful 
capacity of the latter for agricultural and horticultural produc- 
tion. The statements of the report aroused the incredulity of 
.some of the state officials, and an independent survey was made 

which full}' confirmed the report. He read l>efore the American 
Association at Buffalo, a paper on the Frif it- hearing hcU o/ Jlir/i- 
igan, in which, as in the report, he brought statistics to exemplify 
the hitherto unexpected influence of lake Michigan in ameliorat- 
ing the winter climate of the state of Michigan and prolonging 
the growing period. He read at the same meeting a paper on 
Strojiatoporida:, in which he described two remarkable new genera 
of fossils, and established a new family. 
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Having declined the chair of Geology, Zoolog}' and Botanj* in 
Kentucky University, he was induced to accept a three-mouths 
winter engagement, and accordingh' attended the Commencement 
in June, and delivered an inaugural address entitled A pi ("a for 
JSiieuce, which the authorities published in pamphlet. In Janu- 
ary, 18()7, he entered ui)on the temporary engagement. He was 
unwilling to sever hi« connection with tlie ITniversity at Ann 
Arlxjr. He also served the Kentucky University in 1808, and 
Regent IJownian now pressed ujion liim unsuccessfully the presi- 
dency of tlie Agricultural college, wliich at that time conducted 
nearly all the scientific instructicm of the liniversity. About the 
same time he declined also the presidenc}' of the University of 
Georgia. 

18()7. During the year 1807 he contributed to the Nortlnrest- 
<-/•// CInixtiini Athnvate, published at Chicago, by special recpiest 
of the editor, Dr. T. M. Eddy, a series of twenty-two articles en- 
titled Christ inn llmthty if 111 uHtrated from Nature. Dr. Eddy had 
witnessed his method with a so-called * 'Bible Class" at Ann 
Arl)or, and desired some of the results spread before the readers of 
the Adroratt. The fundamental conception of this series of articles 
was the harmony between the indications and doctrines of science 
iind the central doctrines of the Christian religion. The scoix? of 
the discussion appears from the following analysis of the coui"se: 

iNTKOnrCTOIlV. 

1. Nature and scope of the subject. 

2. Nature of the two revelatious. 

:}. Harmony of the two revelations. 
The kxistenck ok Deity. 

1. Human conception of Deity. 

2. Direct evidences. 
The I xitv of Deity. 

1. Harmony of creation in reference to space. 

2. Harmony of creation in reference to time. 
'•\. Harmony of creation in reference to plans. 

Divine omniscience .\ni) omnipotence. 
Divine benevolence. 

1. Indications of divine benevolence. 

2. Vindication of divine benevolence. 
Divine Truth. 

1. Untruth incompatible with divine benevolence. 

2. Untruth is unnatural. 
Divine Justice. 

1. Hangs on the proof of moral law. 
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'2. Th(' moral law written on the heart of man. 

3. 1 he moral law revealed in the material creation. 

CrKATION a divine work, and not the result of DEVErX)PMENT. 

1. Tlie inorganic history of creation. 

2. The organic history. 

'I'lIK DURATION OF MATERIAL EXISTENCE FINITE. 

1. The present organism had a beginning. 
t.\ The same hastening to an end. 

The ORDER OF CREATION. 

1 . Tlie order indicated by Moses. 

2. The order taught by science. 

Man THE LAST TERM OF THE ORGANIC SERIES. 

tlik origin of our race in the orient. 
Thk Xoacuian deluge. 

1. Uninspired evidences of its occurrence. 

2 The deluge not universal. 
('orim)real death not the consequence of sin. 
Sin, punishment and forgiveness. 
The existence of the soul. 

1. Innate convictions. 

2. Mind in nature. 

8. Correlative of the brain. 

Fl'TURK EXISTENCE. 

1. Innate beliefs. 

2. The indestructibility of spirit. 

8. The incompleteness of earthly existence. 

4. The attributes of Deity pledge future existence. 

Fl TIRE progression. 

Authenticity of written revelation. 
Inspiration of the sacred scriptities. 
The necessity of faith. 
Conclusion. 

These articles attracted wide-spread attention in the circle of 
intelligent readers to whom they were addressed, and they received 
many testimonials to their value. It was critically pointed out 
that tlieir method was much broader than had commonly befen 
introduced into natural theology. He was solicited to put these 
contributions into V)Ook form, and especially by the late Dr. B. 
F. Cocker, his beloved colleague at Ann Arbor ; but the treat- 
ment fell so far short of the degree of thoroughness which seemed 
to him Ijefitting the theme that he resisted all solicitation to re- 
publish, entertaining the belief that within a year or two he would 
be able to otfer the public a more adecjuate discussion. He began 
at once a re-cast of his argument, but the more he studied the 
more he bec4ime convinced that the apodictic and therefore the 
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satisfaetorv \yrooi of the being of (xod must Ik? rooted in n jnion 
evidence. Illustrations from nature are all useful on the ante- 
cedent proof that there is any reality whose l)eing and attrilmtes 
are illustrated. With such maturing views he wrote one or two 
hundred pages again and yet again, during the succeeding years : 
but a few months lapse of time so changed his conception of the 
most appropriate treatment that all which had been written was 
rejected. Out of some portions several articles were prepared 
for the Methodist Quarterly Review (April, 1873, and Jan.. 1S74). 
viz: Tht unity nf thv plnfitlc<i1 worfd, and Religious ideas trnfntiif 
harharoiis tribes (Jan.. 187')). Some of his maturer views were 
also embodied in a review of Cocker's Christitiuitt/ and Greek 
Philosophi/ (July, 1872). 

18()8. During 18(>8 circumstances directed his attention par- 
ticularly to the popularization of science, lie had written, in 
1858, a series of popular geological articles for the Jfirhignn 
Joiinml itf Education^ and later had written a similar series for 
the Ladies' Repositorif, of (Mncinnati. under the genenil title 
Vniees fnnn Xatnre, and at the special recjuest of the editor. Rev. 
Dr. D. W. (Mark. These Dr. Clark had suggested to him to have 
published in lM)ok form, under the title of The GeoJogir Agts. 
but he was not satisfied with the treatment he had there given the 
subject, and resisted Pr. Clark's flattering .^solicitation. 

lie was beset, however, on every side, by reciuests for ix)pular 
articles, most of which he had to refuse. However, from his j>en 
appeared three articles in the "University Magazine. " four in the 
'•(Vjllege (V)urant. ' and three in the -Western Monthly." He 
conceived also an extension of the project of popular lectures, in 
which the jrrand conclusions of the sciences should be set forth in 
more glowing and popular style than till then had been customary 
with scientific lecturers of good scientific standing. His ex- 
l)erience in composition had convinced him that the public iX)s- 
sessed an appetite for .solid information, though they demanded it 
well spiced. Contrary, therefore, to the prece<l(Mits of his elders 
and the strong conservative judgment (^f tlu' leaders in science, he 
lx)ldly took the risk of an attempt to present science in a |K>pular 
garb. The result was about what he had anticipated. While 
fair audiences of deeply interested people attended his lectures, 
there were crowds who would be attracted onh' by a great and l)Op- 
ular name or a public entertainment which. (»ither in its suViject 
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matter or its author, amounted essentially to a mere amusement 
or a spectacle. Though never devoting any portion of his time 
expressly to the httsinestt of lecturing, he gave annually twenty^ 
thirty, or more such lectures and his voice was heard in nearly all 
the cities of the West and Northwest where literary societies or 
lecture courses are maintained. 

In Octol)er, 1875, when in Boston, he met Prof. R. A. Proctor, 
and attended two of the lectures in the course which he wiis then 
delivering before the Lowell Institute. In conversation he re- 
marked to Prof. Proctor the ditference in the methods pursued 
by Proctor and himself to gain the attention of popular audiences. 
Proctor took a special theme of limited scope, and brought out 
all the <letails and personal and biographical history connected 
with it. This appeared to him the method of the story-teller. 
Winchell took a grand chapter of cosmical history, and pre- 
sented synthetically the grand conclusions attained by science, 
ranging them in logical rather than chronological order — appeal- 
ing to the understanding of his auditors for interest, and to their 
imagination for illustrative pictures. In later years it was evi- 
dent that Proctors lectures more and more adopted Winchell's 
method, at the same time also approximating more closely to the 
same tlumfH. During his American tour of 1879-80 he made his 
lecture entitled ''The Life of a World" the staple entertainment 
for the public. His other lectures, --The Moon,'' "Death of 
Worlds," were simply amplified chapters in a general cosmic 
history. 

Dr. Winchell was perhaps the very first scientist in America 
who descended before popular audiences, from that high-caste and 
stately, but dry and unpopular, style in which the older scientists 
had thought it fit to cloak the dignity of science. Certainly no one 
but the elder Agassiz had previously attempted a true populariza- 
tion of science, but his lectures were never heard by the plain 
people in the smaller cities throughout the country. He simpli- 
fied zoological themes, rather than popularized them, and lifted 
up his voice only in New York, Brooklyn, Boston, 3Iobile, San 
Francisco, or other large cities where the select appreciators of 
science were numerous enough to constitute an audience. Since 
1868 the i)opular platform has been occupied by a considerable 
number of lecturers of scientific repute, among whom may be 
named Waterhouse Hawkins, Richard A. Proctor and Kdward S. 
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Morse, lint two of these have relied largely for |)opular interest 
on what is really but some trick of black-board sketching. In 
( Treat Britain have arisen also the illustrious names of Tyndall, 
Huxlev, TiOckver and others. 

This lecturing did not divert him but casually from his perma- 
nent plans of scientific work. Tn 18G!» he prosecuted his studies 
on the '^Mai'shall group; ' some of his contributions were included 
in other state geological reports, and the scientific journals. His 
most voluminous publication on the subject appeared in two num- 
l)ers of the Proceedings of the American Philosophical Society. 
This presents a general resume of discussions bearing on the 
rocks in question, a study of their ecpii valency in the various 
western states and the lithologicar'and paleontological evidences 
of the unity and distinctness of the group, and its proper posi- 
tion in the CarlK)niferous system. 

1H()0. On the re-organization of the geological survey of the 
state, governor Baldwin re-appointed him director, and he was en- 
abled to resume the work which had been suspended by the inter- 
vention of the war of the rebellion. Nine years had elapsed, and 
he had learned much, in his private travels for economic surveys 
at various localities, of the rock-structure and physical features 
of the state. Ife assumcnl for himself the personal investigation 
of the Lower Peninsula, and committed to major T. B. Brooks 
the study of the Maniuette Iron region. As director he drew up 
a plan of operations which major Brrx)ks pursue<I to the comple- 
tion of his work, some four vears afterwards. 

1S7(>. For several years he employed every opportunity to col- 
lect data relative to the Winchell name in America, and he put 
his information in systematic shape in a volume, which appeared 
in February, 1870, entitled (jlvnealogy nf the Ftnnily of Winchell, 
an octavo volume of 272 pages, containing names of about 
3,iM)0 of his relatives. In March of the same year appeared 
"Sketches of (■reation," a purely iwpular work emljodying some 
of the grander views of geology which he had previously pre- 
sented either in print or from the public platform. -^Some por- 
tions of it indeed suri)a.ss the requirements of a popular style 
and b(»come sophomoric and stilted." So he himself criticised it. 
It j>resented accurately, however, some of the accepted doctrines 
of science, and contained many thoughts and speculations original 
with the author. His picture of the primeval condition of the 
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world, and espociiilly of the stormy period, antedated (in 1858 
in the -Michigan Journal of FJducation') the publication of 
the similar pictures of Figuier; and his speculations concerning 
the wastage of the land, the final refrigeration of the earth, 
and the snn, and the inevitable running down of the machinery 
of the solar system, were entirely independent; though it later 
appeared that Mayer had preceded him in reference to the doctrine 
of solar cooling, and Sir William Thompson had already an- 
nounced the germ of his doctrine of the ' 'dissipation of energy." 
The popular character of the work tempted several ignorant re- 
viewers to speak of it as a compilation, and as something similar 
to the attempts of Hitchcock and Hugh Miller. The Nation re- 
ceived it with that affectation of superior wisdom, and that pomp, 
ous superciliousness which have since been the recognized char- 
acteristics of that conceited journal. With these exceptions the 
work was received with a universal and cordial welcome. From 
his numerous scrap-books the following, from the New York Iiule- 
p«jinh lit, is selected as a sample of the judgment of the l>est 
critics. 

But setting aside the engraver's help toward the rich attractions of this 
volume, and confining ourselves simply to the author's manipulation of 
words, we should call this a very picturesqtw volume. Dr. Winchell is a 
learned professor of the sciences of geology, zoology and botany; but 
more than that he is a singular master of the art of telling about these 
sciences. His mind is tilled with the poetry of science; he brings his 
heart and his imagination into the tield as allies of his analytic faculties; 
and his essays in the popularization of science are really extraordinary 
specimens of word-painting. Like Waterhou^e Hawkins, Dr. Winchell 
is a popular orator of the facts of natural science; and like Hugh Miller, 
Tyndall, Huxley, Agassiz, he is also the graphic rhetorician of those 
facts. H any one lias supposed that geology is a dry, dull science, he 
can be cured effectually by the perusal of the Sketcfies of Greatian. It 
clothes the dry bones of an august science with the living flesh and 
splendid vestments of poetry. Its rehearsal of the tremendous story of 
the physical universe is a superb prose epic. 

In similar strain wrote the AV/r Ytn-h Kc^niity Post, the Chivngo 
Pofff, and nearlv everv other reviewer. The remarkable sale of the 
work combined with these commendations and manv friendly let- 
ters. demonstrated that the author had reached the very audience 
for whom he wrote. The publishers accounted to the author for 
4,181 copies sold within the first six months, and they tastified 
subscfiuently that no scientific work ever published in America 
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htul found so large a sale as the Skctchea itf Creation. A large 
demand has eontinued to the present date. 

Almost simultaneously appeared his Geoloylcal Chart, inteii<led 
for the class-room of the college and the High School. 

1871. But his principal activity was demanded by the duties 
of the geological survey. In the latter part of 1870 he drew up 
a preliminary cast of a report of progress, and in Jan., 1871, it 
was submittcMl to the Legislature. It was printed at once in 
pamphlet. This did not attempt to eml)ody results, but set 
forth the plan of operations and the scope of the work* contem- 
plated, producing estimates of final co.st, with a degree of un- 
reserve more candid than judicious. The greater part of an 
octavo volume was substantially ready for the press. But a hos- 
tile influence had insinuated itself into the Legislature. The 
Senate very promi)tly passed a bill making appropriations for pub- 
lication ; but the House was now under the manipulation of one 
S W. Hill, from the Upper Peninsula, who had taken otfense at the 
employment of Prof. R. l^umpelly, instead oi himself or some 
other residiMit of the district, to pros(»cute the survey of the cop- 
per region. Mr. Hill had been a subordinate employe of the 
survey under Foster and Whitney, and was known as an explorinjjf 
miner or -exiiert ' in the Northern Peninsula. As director, Prof, 

Winchell ha<l made a preliminary arrangement with Forster^ 

who was well versed in the facts connected with the geological 
developments of the region, but Gov. Baldwin objected, because 
Forster was alreadv oni? of the commissioners of the Sault cauuL 
Hill was utterly incom})e4ent and out of the (|uestion, though both 
ambitious and un.scrupulous. Prof. Pumpelly was well known, 
even tluMi. as a student of such ore-deposits, and was the most 
suitable man. But Hill notwithstanding his assuring and friendly 
letti'rs, conceiv(»d an imphu'able hostility to the director and to 
tlu» survev, and secured his election to the Lower House with 
the in-oclamation that he would kill the survey. So by the most 
industrious, insidious and unscrupulous misrepresentations and 
pervei*sions of facts, he created a strong ail verse sentiment. In 
this he was aided by Dr. Manly Miles, then residing in Jjansiiig. 
who ten yeai*s before had so mismanaged the Zoological depart- 
ment of the survey then in progress, that the director got rid of 
him by having the Zoological department alK)li8hed. Betwe^^n 
the two sutticient influence was exerted to induce a majority of 
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th(» house to withhold appropriations for publication, and to this 
<hiy the materials that were gathered under his administration in 
the Lower Peninsula for two seasons of fiekl work largely remain 
unpublished. They fill numerous large record volumes of manu- 
script. 

Meantime governor Baldwin, whose authority had compelleii 
him to take the step which roused sucli deadly hostility, neither 
assumed the responsibility, nor justified the director in any offi- 
cial way, and the latter was restrained by official etiquette from 
shifting upon another the responsibility for his official acts. The 
whole Geological Board had but recently fully endorsed all the 
plans and operations of the survey : but thev had not the virtue to 
defend what had l>een done with their open and individual 
appn)val. So. on the failure, or impending failure, of the appro- 
priation, the director sent in his resignation, glad enough to be 
ivlieved fix)m what appeared to be the tyranny of an ignorant and 
capricious Legislature. '-A Remarkable Maori Manuscript,'' 
published in Spnrks from n GeologUtH Iftiiiuiici'^ is a parody of 
this episode. 

At the dedication- of "Orange Judd Hall of Science, " at the 
Wesleyau T^niversity. at Middletown, (^t. , he delivered an address 
on Srieutxfir Edufution. The institution was his alma mater, and 
its l)enef actor was his classmate. This address assumed bold and 
forward ground, and was published in pamphlet. The Boston 
Atfrerttsrr said: '*lt will be likely to attract much attention among 
all who are interested in the 'modern protest, ' since it takes de- 
cided and strong grounds in favor of the new education, boldly 
advocating its advantages, not only for special training, but for 
that liberal culture and discipline of the mental faculties and the 
character, which, it is generally supposed, can l)e obtained only 
fTom the classics. Jt will take rank with the most thorough and 
able arguments yet presented on this side of the discussion." On 
this occasion lie received from his alma mater the degree of Doctor 
of Laws. 

His recent experience with the versatile lower house of the 
Legislature of Michigan brought sharp confirmation of a convic- 
tion, which he had already entertained and expressed, a.s to the 
unrestricted extension of the elective franchise to the ignorant 
citizen. The progress of the institutions of American civilization 
jie considered endangered by thus putting them into the hands of 
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ignonint and IfX) often iinappreoiativo trustoos. Such views w(»i\*- 
embraced in a lecture entitlet! Kfthintncranf, nr Tno Miirh Puptilnr 
Govtirnmrnt. This wius first delivered at Malt<x>n. Til.. Dec. 4. 
1H71. It appeannl in the Matfium JottrnnJ of Jan. (». 1872. The 
lecture, a.s may well be i manned, created considerable excitement, 
as it went point blankagainst the short-sijifhted. material selfishness 
of the rabble, and the aspirations of the self-seeking demagogues 
who lead them. The lecture was, however, rewritten and delivertMi,. 
March 1!>, before the • • Jetfersonian Society" c»f the Law Depart- 
ment of the Tniversitv of Michigan. 

1S72. A series of articles adapted to the Snmhuf SfJutol 
Journal were published in that i)eriodical in 1S72. and subse- 
cpiently w(»re amplified into a volume entitled IlramriJittfinn nf 
Svlinrr atnl li'h'f/tini. lie was this year vice-president of the 
American Association for the Advancement of Science: and poet 
for the twenty-tifth annivei*sarv of his college class. On the latter 
occasion he d<»livered a verv touching and melancholy. thou^lL 
perhaps appropriate, poem, which is o!ic of the rare occasions oii 
w^hich 1h» allowed the outer world, which knew him chiefiv by his 
scientific contributions, to have a glimpse of the inmost riK^esses of 
his heart. Here he iK)ured out his grief -Mn an impersonal way, 
in beautifully fiowing m(»tre — of which there are also numerous, 
other exampU's scatt<*red through his diary and his record lx)oks. 

1S7*J. He experienced a severe trial, on le^iving. in 1S7H. the 
Univei'sity of Michigan, and accepting the resi)onsible position of 
chancellor of Syracuse rniversity. The step was h)ng debateiL 
and he could .scarcely bring himself to abandon all the ties which 
bound him to Ann Arbor and the State of Michigan. He had 
heretofore firmly resisted the peiNonal solicitations of various- 
(!ommittees to (»nter upon what they, with the world in general, 
regarded as '-a wider fi(»ld.' Jiut now the representations of the 
authorities of Syracuse I'niversity were to theetfect that the insti- 
tution was in rapid i)rogn»ss of endowment, and had already » 
productive cai)ilal of !i<(»r)(MMMI. and that, as it was his scientific 
reputation which had attracted them to him. they wished him not 
to discontinue his relation to the .scientific world. His salary 
would be m<»re than (h»uble what he was receiving from the Univer- 
sity of Michigan, and he would not have to be worried with the 
financial atfaiis of the en<lowment. since there wjus a salaried 

*ile had lost three of his children hy early death. 
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officer to look after that. He was very cordially received and 
introduced by bishop Peck and Drs. Reid and Bristol. His 
inaugural address was a broad and searching discussion of The 
Modern UniccrHity. 

A portion of the material intendeci for the report of the GtK)- 
logiciil Survey of Michigan was condensed for Walling's ^1^///*" nf 
MicJngait, embracing articles on the geolog}^ topography and 
climate of the state. These memoirs subsefjuently were collected 
in a volume of 121 pages, accompanied by toiwgraphical, geolog- 
ical and isothermal charts — six in all. Resulting from the same 
study he contributed to the Amtr. Jour. >SV/., July, 1H7H, a paper 
on Thf Ditujoual Syatt'iit In the PhysiaiJ Fmtnres of Miehigan. 

As soon as he had opportunity to learn the financial condition 
of the Universitv, he discovered that it was not what lie had been 
led to supiK)se, and that the financial stringency of the times 
(1878) bore heavily on even what there was of a firm foundation 
for future expectation. Notes which had been given on the 
opening of the institution were met with disheartening non- 
payment, and on others the productive interest was eaten up by 
second-hand men and bankers who had advanced money on them 
and held the sliort time notes of the Univei*sity. However, he 
kept up good courage, outwardly, to the end of tlie scholastic 
year, and in July he sailed for Europe, intending there to leave his 
family for a short sojourn while his eldest living daughter should 
enjo}' the opportunity and advantages of musical instruction by 
the best foreign masters. He returned himself to Syracuse on the 
opening of the new scholastic year. 

He delivered a course of four geological lectures during the 
autumn at Cooper Institute, New York, and two on evolution 
liefore the ''Drew Theological Seminary,' the latter, in April 
(1874), appearing as a small volume from the press of Harper 
Bros. A reviewer of this work in the New York Tribune, in con^ 
nection with that of Dr. Hodge, on a similar subject, said: 

The second writer whom we have named, the Chancellor of Syracuse 
University, in this state, is a much younger man, less addicted to> 
theology than to natural science, not known to so large a public, but held 
in the highest esteem in scientific and literary circles, the author of 
several works of excellent fame in his favorite department of study, with 
a freshness and earnestness of thought which give promise of future 
achievements of high import, and with a mental courage that does cot 
shrink from the sacrifice of custom and tradition for loyalty to truth. 
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Tlu» pur\K)se of the work was neither to defend nor opi>ofte the 
doctrine of evolution, but to offer ex i)08ition8 and diseriminationft. 
The fact of an evohitionary metliod in nature he unn«ervedly 
maintained, and lieUl it to be a proof of intelligence. Whether 
the evolution of events is effected bv a method of material oontin- 
uity. he deeimnl the only (luestion at issue. He hehl that in the 
inorganic world the reality of this method must 1k» acknowledged. 
Whether a material continuity runs through the series of or- 
gunic forms, is tlu» residual ([uestion, to which all scientific 
controversy has to be narrowed. He proceeded to indicate the 
general evi(U»nces ad(hic(Hi by evolutionists in supjjort of the 
affirmative, and then brought forward a series of difticultiei*, most 
of whi«h. however, were n»ganied as applying rather to Darwin- 
ism than to the general doctrine of continuity. Supposing this 
doctrine inductively established as representing a fact in nature, 
it still remained to ascertain the methods and instrumentalities 
through which the organic continuity is maintained. This is 
• the fiehl of the theories — of which Darwinism is one. Finally, 
having agreed on tlu* nature of the physiological processes in- 
volvtMl, it is necessary still to ascertain the orii/in of those pro- 
cesses, and of tJie forces which sustain and gui(U» them — that is, 
the philosophic ([uestion of ultimate causation remains. From 
such grounds he maintained that no form of evolution-thc*orv 
can be set down as essentiallv atheistic. 

ft 

'i'he fourth visitation of death in his di^arlv loved family was 

ft » 

announced to him by cabh».(lispatch shortly lK»foit> Ohristmas, 
1><7.*>. when he was about to ascend the platform to deliver a public 
lecture in St. Paul, Minn. Diphtheria had smitten his youngest 
daujrhter at Herlin. With masterful self-control he commanded 
his grief to be sih»nt and his thoughts to 1^ on his eveiung topic, 
and he gave his lecture as anmmnced. To one who knew the 
tend(M-ness of his heart and fond doting which he lavished on his 
children, this abstraction of himself, almost from himself, for an 
hour and a half, with such a shock fresh on his consciousness, 
revealed the doubleness of his existence. He livinl a public life 
<»f activity which was wonderful for its accomplishments, but he 
had a domestic and personal life which, in its recorded memoties 
and mementoes, was almost ecjually voluminous. The dniperj' of 
a private grief was hung continually on his heart, but he carried 
in his hand, as his only public and outwanl synilK)l of action, a 



banner on which wsu* written ^'Kxeelsior/' He ckn'oted many, 
but separate, hours to service un(U»r eacli. Without concluding 
his western enj^agements to lecture, he returned to Syracuse and 
awaited the arrival of the cherishe«l remains. At length, on Feb. 
1, IS74, they were given their final resting place at Ann Arbor, 
bv tiie side of two sistei*s and a l)rotlier. 

lS74-7(». Owing to the ilesire on the part of the University 
authorities tliat he should now take part in public efforts to aug- 
ment the endowment, and to the serious curtailment which he had 
already suffered in his scientific work tlnough the incumbency of 
the presi<lency. contrary to iuducements held out to him on his 
acceptance of it, he notified the trustees, in March, of his intended 
rt»signation, and in .June he unconditionally retired. For the 
duties of solicitor of money he had no (pialification. between 
paleontologist and financial jigent there was ji gap so ]>road that he 
Imd never contemplated crossing it. In July. 1874, he :igaiu 
visited Europe, aiul returned with his family in December, (enter- 
ing now in the same university njion the chair of geology, which 
the trustees created and urged him to accept. 

Full of zeal for the development of the d(»partment which he 
hati a.ssum(Hl in the Syracuse ["nivei*sity, he prepared and 
published, at his own expense, an extended sifllahmi of a proposed 
course of geological lectures, which shoidd poss(»ss intiTCst for the 
general imblic. lie found it diHicult, almost impossible, under 
the financial straits of the institution, to ecpiip and maint^iin labo- 
ratories which corresponded with his ideas of tiie professorsiiip of 
gecdogy. It became evident that his i>osition was not one in wliich 
a zealous and competent professor of science could build up either 
a reputation or a successful departnuMit. While he was medifjiting 
a complete severance of his relations he was called upon by 
bishop McTyeire, of the .M. K. Church South, who urged upon 
him the chair of <reoloj;v. zoologv and botanv in the miscent Van- 
derbilt rniversity, at Nashville, Tenn. [Tndor the precarious 
condition, however, of the endowment of that institution at that 
time, he <U»cline<l the position, although he subs(H|Ueutly accepted 
a three months engagement. In June. lS7r>, he }>resented his 
n»signation at Syiiicuse, but (tonsented to n»tain a partial engage- 
ment of two months. 

On a basis of observations made in July. lS7r), on the line of 
the (irand Rapids an<l Indiana railroad, he pr(»sented to the 
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Detroit meeting of the American Association for the Advancement 
of Science a communication entitled Rectification of the Geological 
Majy of Michigan. 

In the autumn he wrote an(i delivered, before the Boston 
Theological School six lectures on the Relations of Religion to 
Science and Philosophy. These were afterward embodied in a 
volume. In January, 1870, he opened a "School of Geology'' at 
Syracuse University. This had l>een announced by prospectus 
since August. For this enterprise he l>ore most of the financial 
expense himself. He wished to make the school of geology a 
permanent feature of the institution. The attendance, however, 
was small, the aid he had expected from the university was not 
rendered, the institution was located far from the city, cutting otf 
some who would have joined had it been accessible, and his tenure 
of the position was feeble; for these re^isons the second year's 
engagement here was devoted chiefl}' to university students. At 
Nashville, the first year, he devoted three months to lectures and 
instruction in geology and zoology. He delivered the commence- 
ment address at the ''State Female College" at Memphis, and the 
Athenteum, (yolumbia, Tenn. He also gave the address before the 
literary societies of Vanderbilt University. His theme in this 
address was The Worth of Cuhvrf. In that liefore the female 
college it was The Beaut ifiiL* 

At Vanderbilt University he was treated with very marked 
<*ourtesy and hospitality by all connected with the institution, and 
he was importuned by some of the otticcrs, seconding.the requests 
of bishop McTyeire, to consent to a full connection and a perma- 
nent residence, but his first experience in the university convince<i 
him that the old theology had too firm a grip on the institution 
to render it hospitable toward modern science, and, mentally, he 
shrank from any more intimate contact with the theological relics 
of the dark ages. During his first sojourn at Nashville he 
completed the preparation of a volume on the relations of science 
and religion, which he sent to his publishei's. Harper and Brothers. 
He also reviewed Dr. B. F. Cocker's Thcistic Conception of the 
World. (Meth. Quart. Rcvieir^ Jwly, 187G.) During the same 
period he made a scientific investigation of the Cephalopoda^ 
belonging to the museum of the university, bringing to light 
several new .species, and interesting features in old ones. Most 

♦Reproduced in Sparks From a OeologiuVa Hammer. 
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of these shells were from the Silurian of Tennessee. For lack of 
books and specimens for comparison he did not bring the results 
to such a state of completion as to render it proper to offer them 
for publication — hoping for future opportunities of study. 

Returning to Syracuse, he devoted a month to the study of 

fossils from Chautauqua county, regarded by him as belonging to 

the same age as the '^Marshall group. " He had collected these 

on occasion of a visit to the Chautauqua Lake Encampment, where 

he delivered two or three popular lectures. This study was made 

the basis of a communication to the American Association at its 

Buffalo meeting, where he also presented the results of a study of 

Endoceras. He participated in a ' ^Normal Institute" of the college 

of ftne arts, delivering four lectures, and taking some part also in 

the field work. 

He was now imi)ortuned by the editors of the Christian Union 
iind the Methodiat Quarterly Review, for communications on the 
subject of evolution, with particular reference to Huxley's recent 
lectures in New York. * He also visite<l Prof . O. C. Marsh, at New 
Haven, for the purpose of examining the specimens which had 
served as the basis of his later announcements. He wrote a large 
manuscript of about twenty thousand words, on **Evolution," 
designed primarily for the Methodist Quarterly Review, but the 
matter remains unused. Early in December, 1876, he -removed 
his family to Ann Arbor, where he had retained his old home, 
)3eing convinced that it would never become desirable to settle 
j>ermanently in Syracuse. 

1877. After a short term of service at Syracuse, in the months 
of January and February, 1877, during which he wrote a series of 
eight lectures on the scientific evidences sustaining the doctrine 
of evolution, covering the ground of its philosophic and theolog- 
ical consequences, and constituting a full monograph, and drew 
up an extended syllabus of lithology for the use of students, he 
.again transferred the scene of his labors to Nashville, Tenn., where, 
with a series of lectures on geology and zoology, he organized a 
biological lalwratory which was very popular with the students, 
and, under the optional or '^school" system prevailing there, 
became quite crowded with persons unprepared by previous study 
and discipline. During this term he instituted an elaborate series 
^f experiments upon living germs in the atmosphere, employing 
* See Christian Union, Oct. 11, 1876, and Meth, Quar. Reo., April, 1877. 



the jj;i*iUM*:il nuahods of Tviultill. llr came to tlie coiichision that 
when an infusion is (M)uiph»t(»ly sterilized and exp<)5*e<l only to 
sterilized air, no livinor orjranisnis (»onie into existenee. even after 
the lapse of ei«;ht inontlis. and. Iienee, that the so-<*nne<l 
••spontaneous generation. ' <»rarcii}et;enesis is purel}' imajrinary. 

In 1S77 was ])uV)Iislied a w<>ri\ entitled Rtvuuriluttitm u/ Si:irnt■*' 
^||nl Kriitjinii. It endwMlied the six leetures <U»livered )K»fore the 
lioston Theoloj^ieal School, the two I Jaeea laureate add ressi»s tleliv- 
ered at Syracuse, a pa[KM' entitled Snmr ThtnHjIita nn (\iiisalifff^ 
read before the Alhanv Institute, reviews of Dr. H. F. Cock(»r*s 
two works. an<l the series of articles written for the Smufnif Srhnnl 
Join mil. N<»thin<j:. in reality, was written specially f(»r thi.s vol- 
ume, hut evcrvthin«r had been prt'pared orio:inally for an ulterior 
use. and every invest iy:ation was tributary to the jjreat work which 
was restinjr dormant, but not forjj:otten. on his hands. It was a 
volume of -chips."' as Max Muller wouhl say: but some of the 
in vest ijiat ions were fuller than he could with propriety iutro<luce 
into his main work, and he th(»uirht the i>ublication of them due 
lK>th to himself an<l to those who had been awaitinjx the results of 
his studies. Towanl the close of an extended revi(»w of this work 
the critic of the Xnr Ynrh Trilmur said: 

Without dwclliiiiron ()tli<»r poiuts discussed in this suggestive volume^ 
we nuiy voiitun' to thiink the author for an original and fruitful contri- 
bution to the (pK'stions wliic-h now engage the attention of so man}* of 
the profouinh'st thinkers of the day. This work is of a critical character, 
(ronunonting fnM*ly on opiiuons and syntenis which have found a place 
in ttie history of philosophy: hut it also presents the mature fruits of in- 
<lepen«lent re>earcli and refle<"tion. It betrays an intimate ac(|uaiQtance 
with the devehjpnient of thought in the best ages of scientific culture; but 
its princij>les are not the result of sympathy and adoption. The author 
acknowledges no man a> his master; he admits no eoncluHions which he 
has not made his own hy ]>roresses of thought and st\uly similar to tho»e 
in which th<'y had their origin. The materials which he has obtained hy 
scholarly labors, have been thoroughly fused in his own mind, and arere- 
produ<'ed in forms which bear its image and superscription. He l» 
evidently endmrrassed by the fertility of his rfmceptions. ♦ * * The 
rare intellectual fairness which marks the volume is a feature of no less 
interest than the philosophical aidlity with which its discuSKionB are 
<(»nducted. 

The Northern Christian Advocate state<l: 

AVe <io not remend)er ev<'r to have read a work whicli more impressed 
us. * * * It is a book for the believer and the doubter, for the student 
and the theologian. Ft is both comforting and dis(pueting. It solves 



«ODie diflicult problems, aad in this time of p<»rplex!ty and mental oon- 
llict, every helpful utterance should be heeded. * * * It is not a l>elllgerent 
l>ook, but a thoughtful and explanatory one. It is a reconciler. * * * 
As to the matter of style, it is gracefully but strongly written. Exhibit- 
ing a wide acquaintance with ancient and modern forms of thought it 
is never dry or obscnre. * * * The book is full of thought. It is a noble 
<*(mtributioii to American literature. 

The Popular Science Monthly (Aug.. 1877) stated: 

The<|ue8tion of the relations of Science and Ueligiou receiv«»s a new 
treatment in this interest ins; volume. * * * 

Spe^ikinj^ of the author's theory of cyclic actions and reactions 
between intellect and the religious faculties, the reviewer says: 

This is an original and ini^enious conception, by which Dr. Winchell 
is enabled to group and Arrange the elements of his d'scussion, historic, 
religious, philosophic and scientific, in a very instructive manner for his 
purpose, and cm this acrcount the e.xposition is certain to be read by 
general students with interest and profit. Dr. Winchell's work will do 
special service among religious leaders by making the whole discussion, 
as we might say, a piece of natural history; that is, he treats it in both its 
iispecti^, as a part of the method and phenomena of nature. While hold- 
ing to the inspiration of the bible and the supernatural claims of Chris- 
tianity, as matters of his own special faith, he nevertheless holds to the 
validity of tlie universal religious sentiment in man, and which is ^s 
much a subject of rational inductive iu(|uiry as are the physical sciences 
themselves. We can hardly overrate the gain thus secured, by bringing 
the whole inquiry into the scientific sphere, and conducting it in the 
liroad judicial spirit which genuine science always imposes. 

Such approving words from representatives of InHh the parties 
which the work attempt.s to -'reconcile" affords some indication 
that the attempt was not :i failure. 

During his sojourn at Nashville in 1 877, he made an extensive 
collection of the lishe.s of the C^imberbunl river, a sc^-ies of which, 
transmitted to the Smithsonian Institution, w:is founil to embrace 
a iu»w species, Arliua tttripimn's. (See Bulletin NO. H), U. S. 
Nat. Mus., p. lU. ) lie collected al.so a complete series of the 
Unionidft* of the river. These and the fishes remain in the museum 
of the university. He secured the youngest specimens ever seen 
of the garpike <»f tlie Cumberland. These ninge<l in length down 
to three-cjuarters of an inch. 

He returned to Ann Arbor full of the purpose to resume work 
on the undertaking so h)ng contemplated, but having to nnike a 
journey to Syracuse and All)any, for the purpose r)f reading a 
^rdperion UjiirrrMitj^ O^ntrul) before the ••I'nivei'sity Convocation," 
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and on his return to prepare a carefully studied article on PrehU- 
toric Man (including the question of Preadamites) for McClintock 
and Strong's Cyclopedia^ it was late in the summer before he could 
sit down to tlie work. Still again, in a few days, he wa» 
interruptcMl to deliver lectures before the ''Convention*' at Clear 
Lake, Iowa. 

AftiT 21 careful examination of his former work he was coiu 
vincecl that the only satisfactory course to pursue, though on an 
enterprise ah*eady three times l)egun, was to l)egin again. The 
whole scheme of t he work was cast anew ; and before his departure 
for Syracuse, in the latter part of Xoveml>er, he had completed 
about 121,500 words. 

At Syracuse, where his term of service began, on Xov. 21, his 
popular course of weekly lectures consisted of seven, written on 
the primitive history of •^world-life. ' In the course of these 
hxitures he advanced tlie original idea that the meteoric matters 
now known to be disseminated through space, may be adequate to 
cause, bv tlieir resistanc«», the anomalous acceleration observed in 
the orbit-id motions of the satellites of Mars — e>jpecially the inner 
one. The same conception wa^s subs(H|uently advanced by Prof. 
Doolittle. of Washington, and Dr. Winchell made reclamation 
through the Xnr Ymh Trilniin\ iuiismucli as his own views had 
iKHm announced in j)ublic lectures in Syracuse, Cleveland and 
Lebanon, (). , and Richmond, III., and had also Ikhmi reported in 
the daily papers of Syracuse. Prof. Doolittle ver^' cheerfully 
acknowledgeil Prof. Wincln^H's priority. 

The studv of Prea<lamites had deeply interested him, and had 
product^d a pretty firm conviction that men existed upon the earth 
lH»fon». the biblical Adam. lie had planned, therefore, to deliver 
a lecture at Syracuse, upon the subject of AdamiUx and Precut- 
ainltis. This lecture he was n^juested urgently to deliver in one 
of the churches, and he did so. At the rtHjuest of the clergymen 
present the U^cture appeared in full in one of the next moming*a 
papi'i's. In a day or two th(» author wtis eddied u|K)n by Rev. Dr. 
Warren, e<litor of the Xtntht m Christian Adnwaft, with a rMjuest 
to write half a do/en articles on the same su]>ject, for his paper. 
To this HMjuest Ih» acce<led. but had not proceeded be3'ond No. H 
l)efore Dr. Warren <lesired him to extend the series to eight, and 
lM*fore this limit was reacluHl the editor wished the series extended 
to ten. At the n^juest of the assistant editor. J. T. Roberts^ 
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permisHion was given by the author to print tlie whole in pamphlet 
form. Hence the ''orthodox'' bruit whicli followed respecting his 
* ^unsoundness. " 

1878. On returning, February, 187S, to Vanderbilt University, 
he was reeeiveci with the same politeness and cordiality. Though 
his work was, in general, the same as before, he occupied some of 
his leisure hours in constructing some pieces of microscopic appa- 
ratus. During the summer he also constructed a small working 
steam-engine of one-fifth horse power. Before leaving Nashville 
he had also completed a survey of the sanitary geology of the city, 
and drawn up a report to the Hoard of Health, which was embod- 
ied in the report of the Board for that year, ami also was printed 
by the Board in pamphlet form. In making the survey he ran 
two intersecting lines of levels Imtween the extreme limits of the 
city, a work in which his experience as professor of civil engi- 
neering twenty-three years previously, availed him. 

On the morning of the 27th of May, an hour before the* 
iipi>ointed time for a public address which he ha<l Xwaw solicited 
to deliver, as one of the exercises of commencement week, he 
met bishop McTyeire casually, and the latter then pro(u»eded to 
comment on the influence which would be exerted against the 
interests of the university by the professor's hetero<lox j>osition in 
reference to Preadamites and evolution. He endeavored to show 
the bishop the unn^asonableness of objections to an opinion founded 
on scientific evidence, and not held in conflict with fundamental 
religious beliefs; but the latter would not see the subject in that 
light, and asked him to relieve the university of an embarrassment 
by declining a nuippointment. This he indignantly refused t<i do 
on any such grounds as alleged. He went almost directly to the 
public audience, assembled in the chapel, ami delivere<l an extem- 
ponineous address on Man in the Liijht of (Jvolntjif. He felt that 
the bishop had been extremely inconsiderate* in bringing before 
him so distracting a subject, on the very hour appointed for his 
address, but with that self control which hadnuirke<l his action in 
various other trying occasions, he centered his mind on the topic 
before him, and wjus subsequently led to believe that the bishops 
course had acted simply as a stimulus, enabling him to outdo 
himself in elocpience ami perspicacity. The address, at all invents, 
was praised on every hand. 

The next morning. May 28, 1878, he took a final leave of the 



uiiiv<»r8ity himI of XjiHliville, and tlii» saiiUMluy tlu» Hoanl of Tnist 
aliolinhed liiH rliair. Hinlutp McTytMiv, in tninHmittin^ notice of 
this action. omployiMl t(»rins t'xprfssive of kind feeling, appn^^i- 
ation and even of regret. It was evidently the intention of the 
anthorities of tlie university that this sliould 1k» a ease of decapi- 
tation within the walls of the iniiuisition: hut the victim n'^solved 
that the pnblie should have the opportunity to pass sentence*, lie 
aeeoj'dingly drew up a tnn* and litenil account of the inU»rview 
with hisliop McTycire. and published it in \\v} NnnhvUlv ArnvrimH 
of June 1<>. ISTS. Tiiis opened t lie door for a unanimous and 
outspoken c<»ndenination of the act of the Hoard of Trust, from 
the pn^ss of the South and the country at large, and from rt^pre- 
sentative individuals of (»verv shade of religious opiuicm. t No 
word of approval rose* from any sourc<\ t»xeept a few, feeble and 
perverting misstatements fi*om the organs of the M. K. Chun^i 
South. Thf hcst of reasons existed for the belief that theofficialM 
of the university very soon lH»gan to regn»t their action, and that 
within a f(^w months they w<»rc ashamed of it. it was not longliefore 
the acrtion was attribut(>d by sonu' of the officials, covertly, to 
tfrtnimls iff tnmnint/. The im|M)ssibility of this is evident enoii^i^h 
when it is known that Prof. Winclu^ll's work was simply transferriHl 
to I*rof. Satfonl (wlio had l)ecn on half duty) an<l Prof. Wutv/iriVM 
sa flirt/ trif/i if. licaniiug that this subtt^rfuge was l>eing set up 
by parties in corrcspon<lcnce with Dr. A. K. Foote. of Philadol- 
l)hia, Prof Winchcll wrot(» a cri.sp and peremptory denial of such 
st^dements which Dr. Kootc published in his perioilical, T/if 
Nntiinili)tt's Ijiisiirr llnii,\ Januarv. 1SS(». p. .'). 

S(» far as Prof. Wini'lH^Hs standing an<l reputation were 
4*on(HM*n(Ml these events were far fi-om disastrous. He riiHnvcMl 
new sympathy and apprecisition from every intelligent man and 
wonnm and from many who otli(*rwisc woidd perhaps have n'maine<l 
in ignorance of hi.s existence. Kx-l*r(»si(hMit Andrew D. White, 
outre Dr. Winehclls colU»aguc at .Vnn ArlK)r. made use of thia 
incident in one of his chaptci-s on the "Warfare of Science,'' 

4'haraetcri/jng the* action of Vandcrbilt Iniversityin the following 
words: 

It is ploaninir to kuow that whih^ an institution calliug itself a univer- 
sity thuft violated the fundanu'ntal priuciplos on which any institution 
wortli}' of till* name must be based, anotlier * * * recalled Dr. Winchell 

t The eveat.s of this episode are all j)reserved iu elaborate clippings 
from newspapers which Hil two large scrap hooks. 
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at once to hia professorship, and baa honored itself by inaintainiug hiui 
in that position where, unhampered, he has ever since been able to utter 
Lis \iew8 in the midst of the largest body of students on the American 
continent. Disgraceful as this history is to the men who drove out Dr. 
VTiDchell, they but succeeded, as various similar bodies of men making 
aimilar efforts have done, in advancing their supposed victim to higher 
position and more commanding inHuence. 

lie returned to Ann ArlKjr and :igaiii applietl himm»lf to lii» 
loiig-piHMuisiHi volume, inti»rnipted, as before, by engsigemeiils 
to lecture at sumim^r assemblies. Nevertheless be added, as he 
>ktati^. 52,500 wonls to his maunscript. before his depsirture, 15tli 
S^pt. . 1878, for Syracuse. 

This yejir, instead of writing a series of studied lectures, he re- 
stricted binisi^lf to extemporaneous, and doubtless more |)opular, 
expositions. The lecture which he delivered in New York, Oct. 
25. in the Academy of Music, lK»fore the Delta Kappa Kpsilon 
Convention, puhlisluHl iii the New York Trthnnf., was very 
highly commendwl by alj who were alive to the progress of ideas 
in e<iucation; and was repeatedly republished in educational 
journals. The theme was .1 Pha fur MtHiernizcd Edtwatlnu. 
Having been invited t4) repeat the lecture in Syracuse, before the 
puVdic, he wrote another entitled, ('w/////v and Awo#r/^</(y<'. in which, 
while still maintaining the proper pr(H*edence of science, he dwelt 
•Ml the value of culture, but insisted that it comes from the stu(iy 
k>t things valuable for knowledge, as well as the study of dead 
unguages. This was published in full \u tW. Sifravusf CouruT 
for Nov. 17. 1878. It received even more attention than the 
earlier address. He also delivered two or three other public 
uiklreHsesin Syracuse, which dieted very favonible comment frtnu 
the press. The Da i I t/Jounitri of Sow Hi, said: 

There has been a growing interest of late in the utterances of this dis- 
tinguished st^holar. His last lecture, on the subject of education, is 
spoken of by all who heard it, as extremely eloquent in its delivery and 
brilliant in its thought. * * * Dr. Winchell deserves a warm place in the 
hearts of the Christian public for his masterly defense of the Bible, and 
his eloquent pleas for a full and symmetrical culture, including moral 
and religious as well as intellectual development. He is a christian 
scientist of the highest type; and Syracuse may well be proud to number 
him among her most distinguished citi/.eus. 

Ketuming to Ann ArlK)r again he gave his leisure to the prep- 
tfrution of a work t4> l>e entitleil PiffKhnintrs. He desinni to 
investigate the subject further for his own satisfaction, ami also to 



demoriHtnite to the world that a (i< Katrine- which had l>een dcnoancecl 
jiK heresy is sustaiiiod not only by ethnology, archaeology, 
chronology and biology, but by the JMble itself. Notwithstanding 
prolong(Ml absences from home on lecture* engagements which 
took him as far west as Iowa and Nebraska, he completed the 
manuscript by May, 1H7J>. The work appeared in April, 1880. 
from the publishing house of S. C. <iriggs & Co., (-hicago. The 
following is from its preface: 

1 have not ussumed a imsition hostih' to the Bible: it would have been 
irrational forme to do so; since it is the assertion of the Bible which de- 
termines wliat we are to understand by Adam. Had the Bible afiirmed 
explicitly that Adam liad no progenitor, l|should simply have declared the 
facts of the genesiacal history inconsistent with the affirmation, as the 
facts of science would also be. I hav(? even devoted a chapter to the 
proof that Preadamitism is neither inconsistent with the Bible nor with 
the orthodoxy of approved divines. More particularly,! have not disputed 
the divine creation of Adam, (>veu in maintaining; that he had a human 
father an<l mother. I have not impaired the unity of mankind, but have 
removed the incredibility of that doctrine as grounded in the descent of 
negroes and Australians from Noah and Adam. I have not affirmed — even 
like McCansland and other ecclesiastical poly genlsts— that mankind, one 
in moral nature, aro not one in origin: since I hold that the bloo<l of the 
first human stock flows in the veins of every living human being. I have 
not excluded the Freadamites and their descendents from the )>enefit8 of 
the "Plan of Kedemption:" since 1 maintain that all mankind are equally 
the subjects of redemption. 1 have not degraded Adam below the 
level on which tlie Bible places him. since I do not recognize him as the 
starting point of humanity. Finally F have not pictured man as risen 
from the organic grade of a brute since I wished only to show that he 
was in existence before tlie "first man'* of the Hebrews. 

1H71>. He lectured i\\ Potsdam, N. V., in May, 1S7J>, under the 
auspices of the Normal ScImm)!. He had delivered a ]K>pular lec- 
ture there tin* autumn previous. Returning home he first wrote 
an articii* on the Mrffi/t/tt/sirx nf Sn'turf^ iHMpiested by the editor 
of the "Xoilii American Review." which api)car(Hl in the No. for 
.lununrv, ISHO. juul n»turned to the completion, or at least the 
farther prosecution of bis great work — grievously interrupted 
howi^er from day to tlav U\ the varied calls whicli exhaust the 
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energy and steal tin* time of a professioiuil man. 

In June, 1S7!L lie was unanimousiv recalh»<l bv the Board of 

^ ~ • ft 

Regents of the rniversity of Michigan to the chair of geology and 
paleontology in that institution. For several years such had ix^en* 
the intensity of a factional spirit in the Hoanl. that scarcely any 
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measure and Vjeen adopted without dissenting votes. When, 
therefore, the unanimity of the Board in voting for his return was 
made known, and the general wish of the faculty of the university 
wjis understood to sustain the action, he did not hesitate to return 
to the institution from which he liad been tempted six years 
before. The university had progressed in the previous seven 
years. The position now offered embraced much more favorable 
conditions for scientific advancement than the position he had 
left. His duties at that time were spread over the whole field of 
geolog}', zoology, botany, museum and microscopical work. When 
he returned the faculty embraced a professor of geology and 
paleontology ; a profes.sor of mineralogy and economic geology; a 
professor of zoology; an sissistant professor of l>otany; an 
in.structor in the microscopical laboratory, and a curator of the 
museum, all of whose duties devolved upon one man in 1872. 

In his small pamphlet, Gmhupj of the Stnrn, he presented the 
first generalization of the histor}^ which subsequently was expanded 
into Wotld-Life, His conception of gcolog}', a« a histnrif of thi'. 
earthy led to a grasp of all its iiistory — to the remotest limit of 
time, past and future. Thus geology was welded to cosmogony. 
The 8(»arch for conditions still antecedent to those revealed by the 
remotest stretch of the vision of science led him into the field of 
metaphysics. Thecentnd idea of all his lecture* of this class was 
the lif'-tune of a worfd. Sometimes the great theme was com- 
passed in a single lecture, sometimes in two, and perhaps more 
frecjuently it was expanded, especially in his university courses, 
to six or eight, and in one of his later courses it was constituted a 
.series that extended through the time of a whole term. Every 
separaUi lecture was a chapter in th(^ grand story. No lecture had 
a fixed form of wonls, nor subject matter. The sele<»tion of the 
topics and the degree of expansion to give them were determined 
always by the proprieties of the occasion, and the whole body of 
language, and many of the illustrations, were such :is were 
prompted b)' the hour. 

He now began, on his return to the univei-sitN' to which he had 
given the labor of his earlier years, the preparation of an extended 
sifUabtiH of a course of instruction in general geology. This is 
accompanied by copious references to sources of information — a 
sort of geological bibliography. The first part of this compilation 
relates to Xh^factx of yeolotji/ and the second to the theories of 
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'jf'ttloyif. It is :i valiiahli* piunphlet of 115 octavo l>BgeH, moHtiy 
ill small tyiK». iiiul cH>nt4tiiis over 4,000 roforoiiees to geological 
authorities. This work he n^pirded jis a haHis for a coutemplated 
larger volume for seieutilie students and investigators, ami he 
added tx> it, in his interleaved working <*opy. a multitude of addi- 
tional notes. 

1S80. His work on Preailamites was published in April, IHSO. 
The lK>ok had been largely ordered in advance, and sohl well from 
the sturt, so thai though ihe first edition consisted of 1 1 «-{0 copies, 
the publishers began on a sei'ond edition within two weeks, and a 
third was called for bv November. The fifth has now ^mmju isBUfnl 
some new nnitter having been :id(h»d just before the uiitlior*H 
death. 

As a literary production this work was recciveil with univer»al 
favor. As to the positions assumed it is noteworthy that most of 
the religious journals either occupied ji non-committal attitude, 
saying time was reipiired for due consi<leration, (»r else they dog- 
nuiticallv condemned the doctrines of the book. The Pn^byteri- 
ans, (Cumberland Presbvterians,* antl Xoilhern Methoclists treated 
the discussion with most intelligence, and therefon^ with most 
tolerance. The Baptists and Kpiscopnllans and Southern Metho- 
dists generally <lenoun(»ed the lMH)k and sometimes the aiuthor, 
without the slightest nttention to the tenability of the [H>8ition8 
assumt^l.t On the contrary tin* siH'ular and scientific joiinialH 
r(M»eivtMl the work in a vcrv favorable manner. Of the secular 
papers some criticised the author for giving any attention to the 
mo<le «»f reconciliation bctw(»en Preadamites and the Uilde; and 
one or two s<»emed disposed Xu ridicuh* for an allegiMl pro-elericai 
ih'velopment. This criticism of course was otfset by thosi^ ortbo- 
dox reviewers who relegated the author t«) the limlto which holds 
••Darwin. SpenccM* and Huxley," and such like. *. 

The following an* <|Uotations from some of the charactcTiHtic 

lev lews: 

'There has been no work recently pui»li8lied upon the suhject which 
can compare with this in importance. Professor Wincheirs reputatioa for 
learning and for sincerity, his repute as a student of physical science, 
and bis special attitude toward what is called theconfiict between science 
and religion render anything which he writes upon such a theme Im- 
portant; and the present work is the more likely to attract attention 

♦See lie view for .Ian., IHHl. 

tSee Southern MHhotliHt QuarteHy liK:ii>w for Jan., 1H81. 



because it is the fruit of an exhaustive study, not of one but of all the 
sources of information which can be supposed to throw light upon the 
question, from the text and history of the Hebrew scriptures to the latest 
results of ethnolo«j:ical investigation."- AV/r York Meaning Pout. 

This book gives us the amplification, and we believe the unan8weral)le 
defense* of view^s which, upon their promulgation of two years ago, cost 
professor Winchell his lectureship at Vanderbilt University. * * * This 
great scholarly work shows its author alive in every fiber. * * * The 
l>ook is splendidly written, many passages of great beauty might be 
selected from it. It shows its author to bo a man of mental power, 
great information and extraordinary culture. — Xru) Enyhmd JourmU of 
Kdunition. 

There is hardly a subject relating to human progress and religion that 
is not connected in some way with the contents of tliis extraordinary 
production, and the writer shows* that he is thoroughly e(iuipped for the 
task which he has so brilliiintly accomplished. Prof. Winchell has a 
highh' cultivated literary gift, and the style of his composition is clear, 
^a**>% graphic and vigorous. Hut while the book is popularly written its 
spirit and method are strictly scientific. The candor, logical acuteness 
and learning of the author will favorably impress the most prejudicred. 
We regard the treatise as a remarkable and powerful contribution to tlie 
reconciliation of the liible and modem science. No doubt some will 
draw inferences as to professor Winchell's tea(;hings that are alien to his 
belief: but if they do it will not be because his disavowal of certain 
doctrines is not sufficiently explicit.--! 1. N. Powkrs, in the IJUravfi 
World, June ;*, 18S(K 

* * * Dr. Winchell's book has a double interest which should not be 
overlooked. Though making no claims of this nature it is yet a valuable 
exposition of ethnological science, treating instructively a wide range of 
(questions in relation to the origin, distribution, characteristics and 
natural history of the humau races. * * * But wliile useful as a mere 
didactii- discussion of anthropological (luestions, the work has an interest 
of another kind in relation to the special object for which it was written. 
It is an al)le contribution to a serious modern controversy. * * * It is 
not too much to say that it settles the controversy: and all christian teach- 
ers who have any genuine interest iu the adjustment of their beliefs so 
that they shall harmonize with scientific demonstrations, owe gratitude 
to the author of this work for the untiring labor that he has bestowed 
upon the inquiry, and the intrepid spirit in whicli he has pursued it.- - 
Popular Srii/icr Monthhf, -I "lit', 188o. 

Alexander Winchell, already a recognized authority in several branches 
of scientific knowledge, in a volume recently issued with the above title, 
sings the IlifM humana. If it were clothed in rhetoric it would deserve 
to rank as the epic of epics. * * * It has the thrilling interest of a 
romance. — Thr nalletin, S*m FninciHt'o, ?'Jd .V^tt/j 1880. 

Similar tributoH weiv paid to tlic work by tiie Montreal Gti,*'Ut„ 
the Boston Tmrt'lhr^ tiie Ko<*liestcr Mnnn'iif/ Ih'nihl, Triibner's 



IIH The American GeohtgUt. F<^i>ruaiy, ihqbs 

lAterartf KtvorJ (London), tlio Amrrivan Nati^raJUt, the Bihliih- 
theca Sacra, the ^ff'(hod^st Quartt'rit/ Rrrit'ir^ the Scotmnnn 
(Edinburgh), and many other prominent journals. 

During the winter of 1880 and 81 he was engagcil on < ^Sparks 
from a Geologist's Hammer/' Some chapters on cosmogony, how- 
ever, expanded under his hands to such an extent that he de- 
termined to withhold them and develo[) this subject into a 
separate work. He acconlingly supplied their place with some 
new chapters, reserving tlu» discussion of cosmogon}' for more 
leisure. 

Having been elected professor of g(H)logy and paleontology in 
the Marthas Vineyard summer institute he delivered 25 lectures 
y>efore a class of students, and five more ])opular lectures on 
scientific subjects before the public. He also, meantime, delivered 
SL public address on the Spfvulatirr ro n sty Hr tiers of EmlutioH 
before the ''Institute of (Miristian IMiilosophy." atClreenwoodlake, 
on the boundarv between New York and New Jersev. At Martha's 
Vineyanl he made a large collection of Algie, adding some 
specimens from Nahant and Marblehead. These were studicnl 
and carefuly mouuted in an album volume after returning home*. 

At Ann ArlK)r he gradualh^ became connected with some 
musical organizations, and gave nnich time to tlui perfecting of 
their organization. The ctMitral organization was the University 
Musical Society. incorporat(»d under the law of the State, of which 
he was chosen president. This society organized three agencies: 
1. The Ann Arbor School of Music, of which he was vice-presi- 
dent of the Board of Trustees. 2. The (Mioral Union, of which 
he was president, and l>. The Orchestra. These organizations 
absorbed mucii of his time during the following year. 

1881. His work. SparL-H /mm a GenhnjlHt^H Ifannnrr^ appeared 
in the earlv winter of 1880-81. It was favorablv received and 
met with a large and immediate sale. 

This superb work is of thrilling interest to every reader who has an 
intelligent desire to know more of this wonderful planet on which we 
live. * * * The chapter, "A group of Geologic Time/' is worth more to 
the general reader than the price of the whole hook. * * * The plan of 
the book is most admirable. Prof. Wincheirs first chapter takes the 
reader upon an interesting excursion to Mount Blanc and the Mer de 
Glace, where the jesthetic aspect of Geology, as tliere so beautifully dis- 
played, is presented. This is followed by three chapters, on the "Old 
Age of Continents,** ^'Obliterated Continents,** and '*A Grasp of Oeologlc 
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Time/' following with other chapt^srs, climatic, historical and philoBophi- 
<!al. It is a treasury which should find a cherished place in every family 
library. — Bo$ton Hmiie Journal, 

Dr Winchell's j<ftt cTe^prit on tlie "Genealogy of Ships," (Chapter xn 
of this volume) remains one of the most influential contributions ever 
made to the literature of Evolution. — J^eto York Obsercfr. 

1882. An article on Danrinhm prepared for the American 

supplement of the * 'Encyclopedia Britannica,'' at the urgent re- 

<|uest of the editor, in June, 1882, did not appear in print till 

1 884. The Hummer of 1 882 was again spent at Martha's Vineyard. 

Besides his regular courses of lectures here, he gave the principle 

dedicatory address at the dedication of "Agassiz Hall." This, 

with full abstracts of his other popular lectures, was publislied in 

the Institute Herald. The abstracts were also published in the 

Boaton Journal of Srience. 

In the summer, at the Montreal meeting of the American 
Association for the Advancement of Science, he was chosen to 
preside over the section of Anthropology, in the absence of the 
regular officer. In the autumn he wrote The Expf-riment of 
Um'versaf Suffrage and Communism in the United Staten which 
were solicited and published by the proprietor of the North 
American Review. Declining various other similiar solicitations 
he now resolved to devote himself to the completion of his long 
planned work on World Life^ and he accordingly devoted to this 
most of the leisure found among the numberless duties, diversions 
and petty * distractions of domestic, social and professional life. 
He yielded to perhaps a dozen rec^uests to deliver popular scientific 
addresses, mostly within the state of Michigan. 

In 188H. The work upon World Life involve<l a great amount 
of study and research. The subject had indeed occupied his 
thoughts for many yeiirs, and many of the processes had been 
reasoned out in all their detail. But lie desired now to present 
the discussion in greater completeness and upon a more vigorous 
basis of scientific evidence. The field widened as he proceeded. 
New avenues of research were disclosed. Following these, gne 
after another, he developed conclusions which were unexpected, 
and new, and some of which were an interesting surprise to him- 
self. Sometimes he pursued these researches by the aid of math- 
ematics, and all the old ardor of his earlier years was rekindled. 
In several instances he made attempts to submit his methods and 
results to competent critics. His speculations on the influence of 
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(*4>Kini<* tides, and on meridionality in th(» ciirtirsstnu'tunil featuret*, 
hud Ihmmi siiliniitted, in 18S2, to l*rof. .1 times 1). l)ana. • Later lie 
proposed to Imnjjc them under the notice of Dr. J. K. Hil^nnl, 
of Washinjrton; hut no criticisms or jndpuentseoul<nKM>htiuiu*il, 
professor Hilgard suyinj; he was not familiar with that raii^e 4)f 
investigation. His conchisions on the evolution of heat bv pix»- 
ot»Hses of contraction lie hi-ouj^iit before the Ann AHK>r Scientific 
Ass<K*iation (of whicii he was president) on tiie occasion of two 
mivtings, in tiie hearinjr of professoi*s Ihirrin^on and Wead, 
likewise the snbject of annulation of'nebnlons masses, and the 
witlth of the resnltant rinjr. with a view of eliciting opinions. 
Twice Prof. Wea<l was invited to his stndv for the diseusHion c»f 
certain )>oints — esptn-ially M. Faye's modification of the ••nebular 
flu*orv" jis prescnte<l in dnnitttK J^hh/hm (xc. 0>>7-4ri): but the Mib- 
jwt was new to Prof. Wead. 

Whatever new pmcesses or resuHs, therefore, there muy U? 
found in Wnrh/ LlfV were worked out by its author in c*oiup)ete 
isolation fn>m all living thinkers. Very nnich of it was pioneer 
work, and the mathenuitical instrument emplove<l ha<l l>een lon<; 
disused. He felt that »rreat danjrer existt»<l of falling into some 
p'ave errors, and he knew that as s(M)n as they were in print and 
In^vond n^call, there would be a class of scientific critics who 
woidd t^ikc any pains to demonstrate their smartness. He jjreatly 
desired to submit points in his manuscript to the examination of 
experts, but there seemed to l)o nolxxly prepare<l to act in that 
C4ipju'ity. He therefore had to assume all the risks or forej^o the 
publication. 

It was durinur the concentration of nervous and mental enerjry 
on this volume that he was called on. durinjrthe disability of Dv. 
15. F. Cocker, l)oth bv the president of the T'niversitvand by Dr. 
Cocker him.self, to conduct the hitter's class in speculative philos- 
ophy. He continued Dr. Cockers method — a daily lecture — and 
he here dn^w upon his mainiscript volume on ••Intelligence and 
Itelij^ion." and he put a synopsis of the ••Theistic Argument'* 
into printed form, in all its ramifications, for the use and at the 
instance of his (;la.ss. In a similar manner he condensed, into a 
synopsis of ei<^ht octavo pa^ijes, his whole work (yet unpublishe<l) 
on •'Intellij^ence and Keligiou.' In consiMpience of this double 
duty it a))pears that one of the s(H*ondary etfe<'ts of the malady 
with which he was sufferinjr. as mad«» ajiparent by the post mor- 
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tern cxamiimtion, wjls iutoiisified, and caused a UuuiM)raiy dis- 
nhlement. It was manifested in continued hea<lache, and Dr. 
Dnnster, of the medical faculty, was called for advice. He ex- 
pressed the opinion that mental effort too unremitted had pro- 
duced a clinmic congestion of the capillaries at the base of the 
brain. Whether the diagnosis lus to cause was correct or not, sun 
to effect there can now be no(iuestion, since the blood vessels at the 
ba.se of the brain, as well as in other parts of the l>od\', and es- 
pecially the aorta, were •'congested' and contracted by ossification. 

Dr. Cocker having deceased in April, the T^nivi^rsity Senate re- 
♦piested Prof. Winchell to deliver a memorial discourse on the 
Sundav of Commencement week. Tiiis was delivered on June 
24, and it was published in pamphlet form ])y the University. 
Dr. Cocker had l)een intimate with Dr. Winciu»ll for manv vears. 
Their community of study had aftiliated tiu^m, and a touching 
personal regard was felt mutuall}*. Nothing could excel the 
reverent, tender and beautiful tribute which he now paid to the 
life aiul personal character and the work of his lost colleague. 
He wrote tender and appreciative memorials of several of the 
l'nivei*sity facult}' when deceased, but into none of them did he 
tiirow the ardor of his love and the |)olish of rhetorical expres- 
.sion and the searching analysis of character that marks this paper. 
Jt will probably long remain the model, par (excellence, of o]»itu- 
ary memorials of deceased professors at Ann Arbor. 

His ''World Life, or (;'oiui)arativt^ Geology" was issued in 
November, 188.'5. Its scope is set forth modestly in the opening 
l)assage from the preface as *'a thoughtful view of the processes 
of world formation, world growth and world decadiMice. " The 
subjects discussed are the most elevating aiul sublime within the 
range of human knowledge. It was well received by the public, 
as well as by scientific critics. 

One of the ablest work-s of the day. In involves concejUions whose 
tremendous scope takes one's breatli — before whose awful magnitude 
even imagination hesitates appalled; but among these vast themes Dr. 
Winchell moves with the assured step of a familiar. — Chiaujo Tim*H. 

This volume is Dr. Winchell's masterpiece. It furnishes us a mag- 
nificent survey of universal structural cosmogony, such as has not hith- 
erto appeared. — Jfethodist Quarterly Ihcieic, Jan., 1884. 

There is something very fascinating in the book, so grand and simple 
are its generalizations, so vivid is its panorama of tho mighty courses of 
4Teation, so like a roman<?e of the h«,*avens docs it read, with if« orderly 



evolution of dramatis )>er8onH' rising; out of the HmitleHS 8i)a(*ert, pasHiiig 
across the astrouomical stage ami descending again into the depths 
whence they rose. It is a work of immense learning. — Sevc Ynrk Howti 
JouriMl, 

Tlie systematic and v<*ry comprehensive way in wliich tlie autlior has 
treated most of the important (juestions of tlie <lay that concern equally 
the sciences of astronomy, geology and physics, makes the work a nioAt 
timely one, and the candor, research and independent thought which 
have been given to this task are points of excellence that the scientist as 
well as the [)opiilar reader will appreciate. * * * * A perusal of 
the book has led the writer to think tliat it is one of the most important 
contributions to science that has api)eared in America, at least for years. 
— Tlie Sithrml M«'9kt luji r. 

We know of no other work in which the reader can find a full, con- 
ne(^ted and syst^^niatic [)rt*sentatiou of the results of cosmical reHearch 
tliat will compare with ihi9,- -Ptfjtwdr Sritnt'r Mouthy, Ffh.^ 1S84, 

18S4. Tn r:ii>i(l succession ai)p(»nr(Ml ''(Jeological ExcurHions,*' 
:i rudimcutjirv hook for young leurncvs in geology, and **(Teolog- 
icjil Studies/" n text -book of higher gr;uU', lM)th puhlislied by S. 
C. <iriggs tt Co.. of (Miioago. The iinniediate instigation to the 
preparation of the former was a re(|uest for such a work fmin a 
Boston publisher. Tt appeared in May. 1SS4. It is <»n n plan 
entirely \w\\ anioiiir text -books of yreolojrv. The etfort was made 
to do for y:e<dt)jrv what has been don(» especiallv for botany, in 
tlirecting the learner's attention to the characters of some of tb<» 
most familiar olgects. instead <>f putting before him an array of 
abstract definitions, theories and classitications which cannot Ih» 
appreciated liy tiiosc faculties in easiest and mijst active exercise 
in the chihl. 

rie contribut(Ml an article t<> the /foun'hftr Monthly (N. Y.) in 
March, which a pi scared in a 'Symposium' on the question: *'Is 
the Parwiuian theory of evolution reconcilable with the Bible?" 
Other wrltei*s in this symposium arc Uev. Di*s. i^atton and MeCosh 
of Princeton, and Dr. (Julliver. of Andover. lie contributiMl 
matter amounting to 4.'). (MM! words to ''.lohusim's Animal King- 
dom lllustrateil. " mainly on zoological topics, and distribntcHl 
through 22 <litrcrcnt articles. This was publisluHl in the early 
part of ISS.'). 

ISS.'). Tn the Supplement to •McClintock and Stmng's Cyclo- 
jHHlia" appeared his article on Kvolutiou. This is a general ex- 
position of the subji'ct -its definitions, iiistory, <U)ctrine«, proofs, 
speculations, theories ami literature, consisting of J>.000 words 
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l[is GettitHjiral Stud lis, on which he spent his leisure in 1H85, 
Avas liegun in November, 1884. The work has the siime simple 
inductive method us Gvoloijlcal Exmrsion*. The treatment is 
based largely on American geology. This work was internipte<l 
by the Ann Arbor meeting of the American Association for the 
Advancement of Science, for which he prepared three commnni- 
<^ations, on Th*- Gvitloyif of Ann Arhor, one on Sources of Trend 
find Crnstal Snrpht»nnj(\ and the thiitl on Stronintoporohh. The 
^econ<l paper appears in condensed form in the Proceedings, and 
in the American Journal of Science, December, ISSo. in full. 
His third paper was orally presentetl in the Biological Section, 
21 nd was illustnited by a series of micro-photographs of his own 
make, designed to show the interior and cellular structure. 

1S8G. At the solicitaticm of llev. Dr. J. II. Vincent, of 
(Miautauqua fame, he contracted in December, 188,'), to supply 
the manuscript for a work, afterward published as WnJL'« and 
Taller in th> Gndoyunl Field, to be ready by April 1, 188r). His 
-'Geological Studies' was in press, his tlaily I'nivei^sity duties 
Avere exacting, his professional interruptions were numerous and 
aggravating, but this exacting contract, on which he lalx^red 
assiduously, was complied with, and the manuscript was written 
by FeVjruary 15, and was in the publisher's hands March II), 18S(». 
Meantime from various directions came muUiplied solicitations to 
write and to lecture, and to some of them he felt constrained to 
yield. Among them was a recjuest for an article for The Fornni. 
The subject of this essay was Srienvmnd thr Staff. Another was 
-I WftJL' under tin Sfii, written for Trenmire Trore. New York. 
Lectures were delivered in Chicago and Kockford, 111., and in 
several places in Michigan. 

Earlv in Mav he delivered a series of lectures Ix'fore the iiose 
Polytechnic Institute, at Terre Haute, Ind. — meantime receivina: 
proofs daily from his publishers in (^hicago and (Mncinnati. 
Later he drew \\\}, at the re<iuest of tlu' director of the T'. S. 
Geological Survey a manuscript of 102 i)p. devoted to a history 
of the past geological surveys in >Iichigan. 

As he passed through Chicago, July 1, on his way to the wilder- 
ness of northern Minnesota, he received from S. C. (rriggs &Co. , 
the first finished copy of his GvoUxjiad Sfndies^ tlu' same day on 
which his Walhs and Talhn was put on the market from (Mncinnati. 

An engagement had been made in March with the Minnesota 
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Geological j^urvey to spend the summer in field-work in the ex- 
treme northern portion of that state, north of lake Superior. 
Accordingly he left home June 28, and did not return till Sept. 
21). Tiiree months were spent in arduous and trying work on the 
Archaean rocks in a wilderness far removed from civilization and 
mail connections, where for seven weeks at a time no opjx)iluii~ 
itv existed to send or receive a letter. The surveys were con- 
ducted in birch bark canoes, along the rocky shores of handre<ls 
of small lakes, and the passage from lake to lake was made over* 
''portages. "' ITis work extended into twenty-four townships. 
He noted and studied the rock-outcrops at 890 localities, and 
passe<l over \'1)\ portages whose aggregate length was 43 miles. 
These portages are foot-trails, more or less blind, through forests,. 
swami)s and hilly districts and at times are extremely ai*du<>ns.. 

# 

even to one having n<)tlung to carry. The observations made 
were inii)ortant, and were found to throw much light on some of 
the problems of Arcluean geology. The re|>ort on this work, in 
its orticial form, was published in the Fifteenth Annind Report of 
the Minnesota survev. 

1887. Having lectured in Oct., (^(J) :it the Way land Teacher's 
Institute, an<l at (Miicago in November, where he found liiraself" 
•'post(»d, after the lecture in an advertised place where people who* 
came to the lecture /o set ////;*, could take him by the hand and speak 
a word," and in AI(»ni})his, Tenn., where he was welcomed and? 
entertained with the greatest cordiality, Imt where the clergymen. 
de<'lined on Sundav t(^ make announcement of his intended Sunday 
ev(Mung lecture on Srirurr (.Inixtidnitifs Allt/^ at Middletown, Ct. ,. 
before the students, at .Meridcn, Ct., at Detroit and Armada, 
>Iich., he spent the most of his leisure in the winter of 188G-87 in. 
the study of Arcluean problems connected with the i)rei)aration of 
his lirst Minnesota report. In March he received the provisional 
otfer of the directorshi}) of the Arkansas (Jeological Survey, then 
lat«»ly instituted, but in rei)ly \\i\ imposed such conditions, (viz;. 
that one half of his time should be si)ent at Ann Arl)or) that the 
governor sought some one who could devote himself entirely to 
it, subsecpiently appointing Prof. S. V. Hranner. In May he 
prepared a chapter on Geithujii mul ilw Blhf*'. published in 
Detroit in a volume styled Sifjmil Liijhts^ and others for the- 
Jloiiiibtlr /^f'ri*:tr. Strips (rnss, and Fonnn and prepared a descrip- 
tion, with drawings. of a skeleton of Pint tf yon us rmnprt'SHm^ found in^ 
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vicinity of a peat lied west of Osseo, Mich.* In June he delivered 
the eomnieneement address at Ogden Collegje, BowUnjj; Green, Ky. 
:ind on June 24th was at 8ault St. Mary, Midi., where he entered 
on an examination of the orij^inal Hnronian region under the 
auspices of the Minnesota survey. At the banquet at the seiui- 
<»entennial of tlie University of Michigan lie represented the 
T^nivei-sity of Bologna, in a brief address which is incorporated in 
tlie publisiied vohime devoted to the occasion. 

On the ^Minnesota Survey he spent another season of arduous 
tfiehl-work. The observations whicli 1m» niatU* he considered verv 
important, and they furnished the basis of several communica- 
tions to scientific periodicals. The plan of the season carried 
him not o\}\\ over the original Iluronian area, but also over the 
iron regions of northern Michigan and Wisconsin, and finally into 
the area of the Animikie in northern Minnesota, lie entered with 
great zest into the study and discussion of pnictical ([uestions 
touching the stnitigraphic relations of the older terranes. and his 
rapi<l noting of inspection carefully made in the field aflTorded a 
va.st mass of data the discussion of which, in their full and final 
scope, he was never able to complete. July 10 he gave a public 
lecture at Tshi>eming. Michigan, on Ernlntlou, and Dec. 2(), he 
read a paper before the Society of Naturalists at New Haven, 
'(V)nnecticut. 

18SS. He united with several other geologists in the establish- 
iu(Mit of the Amrn'ctfu (icnlnglnt. the first luimber of which 
jippeared >»efore Christmas, 1887. an<l throughout all its volumes 
mav be seen the evidence of his zeal in its behalf. 

He laid plans now to undertake the thorough examination and 
Hliscussion of the data of th(» Archsean rocks. He not only pro- 
posed to investigate their field-relations, but their peti*ographic 
^characters. He supplied himself rapidly with the necessary 
Jiterature and apparatus. Although the undi»rtaking was vast, 
-:ind his health was precarious he entered ui)on the subject with 
the thoroughness and ambition of a man not vet out of his thinl 
decade. A new field of science was opened before him, and with 
•the undaunted front which he alwavs bore before such dittlculties 

« 

\\v resolutelv attacked its strongest redoubts. He was annoved, 
liowever, by applications for lectures and popular articles. These 
lie now mostly declined — only api)caring before the Brooklyn 

♦Mentioned in tlie«J//*f?'/>/i/* Gcolotp'Ht^ vol. 1, p. tM. 
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Institute, the SyitieiiHe riiiversitv, the University Convocation at 
Albany, N. Y.. and some phu^es in Michigan. 

At the (Mevehuni meeting of the American AsHOciation for the 
Advancement of Science he gave orally a statement l>efore 
Section K. of >4ome **8y8tematic results of a field study of the 
Arcluean rocks of the Northwest." At a meeting of geologists 
for the organization of the Geological Societ}' of America he was 
the chairman, and he alH<i presided over the ' 'organizing commit- 
tee/' )K)th then and su>)se(|neutly at the meetings at Ithaca, and 
was continueil as chairman of the same committee for the pur- 
pose of preparing the permanent (^mstitntion and perfecting the 
organization. 

A series of pallet's which he Itegan in the Amkkic.vn GKOMMnsr 
on "(ieology as a me4ins of ciUtiin^" were amplified and extendcMl 
into a small A'ohime which was conclude<l in November. This 
little work, entitlwl "Shall we tcjich (} ecology?'' is intended to 
show that geology is adaptc<l to younger pupils than generally are 
allowe<l to .study it. Showing that it has those educational qual- 
ities that make it worth}' of the highest esteem in a school curric- 
ulum, and that it is the result of a ti*aditional preoccupancy of 
the field by other bi*an(^hes, that it is not admitted into the grades 
that pi*ec<Hle the college (»ourse, h(» calls attention to the olmtacles 
that lie in the way of a reform. The language is vigorous and 
direct, and the work has already proiluee<l a reflcictive reconsid- 
eration of school cf»urses in several imix)i'tant (Hiucational centres. 

1S8!». In pursuance of his Anrluean studies he engaged in a 
review of American opinion on the }*resilurian i-oc^ks, and com- 
municated his results to the eighteenth report of the Minnesota 
survey. This review a>>sorljiMl a vast amount of time and patient 
rese^irch. It is characterized bv the fairness ex hi l)i ted in the con- 
densed statements of results an<l opinions of earlier geologists, 
and it forms a u.seful and very valuable compend for reference. 
At Toronto he presented fuiHier results of his work in northern 
Minnesota. At this place the revised constitution of the (geologi- 
cal Society of America was reported and finally approve<l. He 
hatl seen the whole history of this entt^rprist* from the time it took 
some <leHnite shape at (Meveland. O., till it had its first public 
meeting for the r(»jMrmg of papers, at Toi'onto, and had nursed it 
faithfully. He wjus gmtified now to know that it luwi atxiuiriMl 
the semblance as well as the substance of a healthful organization 
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t'upHble of self-support. At tlic me^^ting of Section K he pre- 
sent-eel a paper on The geoJoyical ponttiott of ttw Ot/iHhkf vimylovi- 
rrate, in which he inclined to consider it as an integral part of the 
Kt*ewatin formation. In 1889 he made sevenil le(^turing trips, 
viz., Ada, Ohio, Madison Tjiiversity, (X. Y.), Greenville and 
Hastings, Mich., Butfalo, X. Y., Hartford, Ct., and (H>ntrihuteil 
various minor papei*s U) journals, including a memorial of Dr. 
HeniT .S. Frieze, who had long ht»en his colleague in the Univer- 
sity of Michigan, i)ublished in the University Chroniclr. 

1 S9(K The amount of work which he acc»omplishe<! the last 
year of his life, sis indicated b}* the diary and the field-notes 
which he kept, is amiizing. A literal transcript of them would 
still but partially express it, since his regular class and mit^miiii 
and laboratory labors ai*e not given in tletail. A man in his state 
of health generally spares himself, by curtailing his daily labor, 
but it was quite the contniry with him. His work l)eca.me moi*e 
burdensome and multifai'ious. Ife shirkeil nothing. He did not 
even decline to answer the numerous lett*^rs which sought trivial 
information — some of which recjuired several pages. He h»ctnre<l 
in Chicago, Bowling Grei^n, Hamilton, St. Paul and Detnjit. IFe 
was several times in >Vashington, New York or Boston, to attend 
the meetings of the Organizing Committee of the [nternational 
(^ongress of Geologists, and the Council of the Geological Society 
of America. In the summer he was geologist t4) the RiKsky 
Mountain club, which made an excursion from St. Paul, tmveling 
4,971 miles in 13 states and territories, attendcH) the scientific 
meetings at lndiana)jolis, where he pi-esidinl over the Geological 
Society of America, projecteil. and in c*onjunction with the in- 
teresteil piX)fessors at Ann Arbor, prepared a memorial, accom- 
panied b}' deUiiled plans, urging additions to the scientific laliora- 
tories of the University, presenting the same bt»fore i^mmittees 
an<l l>efore the full Board of Regents, made a giH)logical survey 
of a region near Kclio lake in Ontario, on which he bsmed his last 
communication to the (Jeological Society. '-A last wonl with the 
Iluroiiian," made a lengthy resixtiise to a to:ist -'The University," 
at a Imnquet, in Detroit. He was president and director of the 
Uiiiversit}* Musical Society, president of the Board of the Wes- 
leyan Guild, for which he invpared a pamphlet, giving its consti- 
tution, plan ami puqK)ses. president of the Trustees of the Meth- 
4Hlist Episcopal church at Ann Arb<»r, aiul was just elect^Ml presi- 
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<lent of the (ieok)gk*iil ScK'icty of America. His letter-hook for 
1890 eontiuns 4S7 copied letters. His published mannscript 
2iniouiits for 18!K), to 29o octavo pages, und that which remains uii- 
})ii])lished is estimated at aljont 100 pages more. 

1801. This year was begun with the same restless activity and 
far- reacliing plans, but he soon found himself incapacitated. His 
sickness was l)rief. and he died, as already detailed, on February 
li>, 1801. when he was but little past (^O 3*eai*s of age. 

HI HIS SCIKNTIFIC WORK. 

The most of Alexander AVinchells work was scientific, but :ih 
he followed his researches in their remote ramifications he found 
himself articidating with other fields, and making the acquaint- 
ance of sch<)lars who did not consider themselves scientists. All 
lus processes and (xniclusions, however, were characterized by 
strict adherancc* to scientific evidence and methods. He differed 
from most scicMitists in that he did not hesitate to follow any line 
of investigation, although it was but secondary to his main pur- 
pose. Thus he was iHjualU' at h(»me in most of the *4iatural 
.sciences" nud in mathematics, astronomy, philosophy and 
4'thnology. AViiencver his many-sided genius inspired him to 
enter upon a course of systematic study, his fertile pen, with a 
ready command of apt expression, recorded his observations and 
his thoughts, and this constituted much of his scientific work. 
He sometimes lamented that he was so --fatallv balanced" that his 
energies, instead of being turned unitedly to one object were per- 
petually distrncte<l by the pix>secution of all in succession. His 
achi(*vements. however, in almost anv one of the sciences in which 
he lalK»red, won hi CM)n.stitute an honorable record, and when they 
an^ cousideretl in their aggregate they mount up to a sum total 
which it seems almost innK)ssibh* for one lunnan life to com- 
pass. 

It is not lM)^ssible, nor perhaps would it be appropriate ami 
l>rolitable, here to enter uim)ii an analysis of the scientific publi- 
cations of Alexander Winchell. nor even to attempt to point out 
those facts an<l ideas which he atlded to the sum of human 
knowledge. Tlu' discriininatini; student, of the futun\ will Ik* 
able, from the following list, to identify his publications, and to 
ascribe to each such value as it niav deserve. 
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List of tiik Pi:blisiiei> AV'orks (»f Alexander Winchell, LLD. 

lS5U-lSin. 

1850. Al)Htract of Meteorological Observations at Amenia Seminary in 

1849. nepoi't N. Y. lifijenU, 1850. 

1851. Catalogue of Plants fouml growing without Cultivation in the 

vicinity of Amenia Seminary. JUport N. T, Regents. 1851, pp. 
256-270. 

1852. On the Cold of the Month of January at Eutaw, Alabama, and on 

the Aurora Horealis of Sept. 29, 1851. Am^r, Jaiir. Set. cf- Arts. 
2d. Series, xiii, 1852, p. 294. 
185J]. On the Geology of the Choctaw Bluff. Proc, Amer, A»soc, Ade. 
Sri., vii, 1853, pp, 150-158. 

1854. On the Location of the Agricultural College. Mich. A(/ri. Rept. 

1854, pp. 348-356. 

1855. On the Pursuit of the Natural Sciences. [Head before the State 

Teachers' Assort. I yfirh.Jouvn.Eihic/n. 1855, pp. 152-161. 
ia>5. The Shell Marls of Michigan. Mich. Farmer, Sept., 1855, pp. 257- 

259. 

1856. On the Importance of the Study of Natural History: [Head before 

the State Teachers' Assoc, 19 Aug., 1856.) Mich. Joarii. Educ. 
iii. 1856, pp. 297-80S. 

1856. Notes on the (reology of Middle and Southern Alabama. Proc. 

Amer. Assor. Adc. Sci., x. 1856, pp. 82-93. 

185(5. Statistics of some Artesian Wells of Alabama. Proc. Amer. Assoc. 
Adc. Sci., X. 1856, pp. 94-103. 

1H5T. Theologico- Geology; or, the Teachings of Scripture Illustrated by 
the Conformation of the Earth's Crust, an Address delivered 
before the Bible Class connected with the Methodist Episcopal 
('hurch, Ann Arbor, Michigan. . .Ann Arbor: Pamphlet. 1857. 
8^ pp. 24. Printed by Davis & Cole. 

ia57. Guide to the Pronunciation of Scientific Terms. 1857. 12^ pp. 12. 

1857. Table of Cretaceous Hocfcs in Alabama. Pror. Arad. Xat. Set., 

PhiUi., ix, ia57, pp. 126. 

1857. On Hair Worms. JAVA. /''//w/t, .July, 1857, pp. — . 

18.57. Superficial Deposits of Michigan and .Vlabama. Hariurs GeoL 
Rep. ofMiHH., ia57, 816-818. 

185S. A'oices from Nature, Creation the Work of One Intelligence and 
not the Product of Pliysicul Forces, being the closing lecture of 
a course upon Geology and Natural History, delivered before 
the Young Men's Literary Association of Ann Arbor, Mich. Vwh- 
lishe<1 by request of the Association. 1858. 8"^ pp. 26. 

ia5H. Address before the State Teachers' Association, Ann Arbor, 20th 
Dec, ia57. 3{it'h. Jouru. Edur..Tnii.. 1858, pp. (>15. 

185S. lieport on the Michigan Journal of Education. Mirh. Jourii. 
Educ. Jan. 18.58, pp. 26 27. 

1858, Synoptical View of the G«*ological Succession of Organic Types. 

For the use of Students in the I'niversity of Michigan, and 
printed at their rei|uc8t, May, 1858. Ann Arbor. S'^ pp. 7. 
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1858. J..eavM from the llook of Nature. Mieh. Jaurn, Edue, ii, 185f^ 
pp. 74-77, 97-100, la^-l^, 160 178, 108-197, 225-3dO, 257-388, 805- 
310, 858-856. 

1858. Annual Report of Michigaii State Teachern' Association. JUieh. 
Joum, Educ, St»pt. 1858, pp. 271-278. 

1858. OutlineB of the Geologj^ of Michigan. Mielt, Farm^, Der^ 1858. 

1850. Memorial Relative to a Geological Survey. Hautie Doc^ No. 29^ 
J^giftlHtnr*' f/l859. pp. UK 

1850. Scenes and Incidents of the Coal Period. Mirh, Jo^trn, Eiluf,^ 

vi, ia*50, pp. lJ)-20. 

1859. A Oliat Al>out Teeth. Mirh, Jmirn, Eihu., vi, 1850. pp. 20-35. 
1850. Popular Solution of the Pendulum Pn>biem. Mirh, JoMrn. Kdne,^ 

vi, 1850, pp. 27-20. 
1859. Puidic luHtruction in Upper Canada. Mieh. Joiirn, Kthte,^ %i,1850,. 

pp. 48-52. 
1850. Another Cliat About Teeth. JAVA. Joum. Kthit.^ vi, 1850, pp. 58- 

59. 
1H50. Museum of C'omparutive Z<M"dogy at Cambridge. Mieh^ Journ^ 

ICflvr^ vi, 1850, iip. 1«4-141. 
1H59. Is Mode a Property of tlie Knglisli Verb^ Mt'rJt. Jotirn, £tlur^\% 

1H50, pp. 157-150. 
1H50. Public Instruction in Micliiinui. .VirJt, Jonrn, /Sdttr,, vi, 1850, pp. 

1850. What Maltcs the Successful Teacher? An Address Delivered at 
Pontiac, August is, 1850, before the Michigan State Teachers^ 
Assm'iation. [From the Trona, of th*-. Antiof, for 1850.] AniL 
Arl>or, IHoO. s^ pp. 22. 

1H50. How Shall our Standard of Primary Instru(*tiop l>e Elevated^ 
MirJ,,Jmii'n. Hdnr.^ vi. 1S:»0, pp. 4:).S-48«. 

1850. Reorgani/.ation of the .Vgrit-nltunil College. Mirh, Journ^. Kdne^ 
vi, 1H50, pp. 474-4: «. 

IK'iO. Ref>ort of the Visiting Conimittee, State Normal School. [A 
Criti<*ism, oii.| Midi. Jomn. AVwr., vi, 1850, pp. 476-477. 

1K50. 1k Natural IIisU)ry un Apf>ropriHte Study for Youth? ^Mieh^ 
Journ. Hihir.^ vi, IS.*)!), pp. 177-47S. 

IMMK The <'ycles of Mattor, or the IVrinanence of the Karth and the 
Destiny of the Ka(M'. Mir/,, Jnuni. A'////r., Aug., IHfJO, pp. 373-3HO. 

1H61. First IVienuial Report of ilir I*rogres> oi the <ieoh»gical Survey of 
Michigan, emi)ra<*ing observaticms on the <Teology, Zoology, and 
Botany of the I.()\v«»r Peninsula. Made to the Governor* 
l>ecemJ>er JJl, ls<U>. Hy Autliority. Lansing. lS(;i. 8S pp. «WI. 

18<i2. Notice of the I{<M-k> lyinir l»etw«*en the Carboniferous Limestonea 
of the liowor Peninsula of Michigan and the limestones of the 
Hamilton (4rouf>: with des(Tif>ti<»ns of some ( 'ephaloiH>d8 aup- 
jM>se<l to be new to S«'ien<'e. A/nr,'. ./"urn. of >>/., 2d series^ 
\xxiii. i)p. iJ.Vi-JWi. 

1H62. Salt Manufacture of the Saginaw Valley, /funf'n Mt ri'/mnt*^ -VVf^- 
iiiifu, Sept. lS<;*i, pp. 200-22:}. 



1862. On the Saliferous lioeks and Salt Springs of Michigan. Awer, 
Journ, cf 8ei, 2d series, xxxiv, pp. 807-811. 

1862. Descriptions of Fossils from the Marshall and Huron Groups of 
Michigan. Proe. Amd. Nat, Set\ Philff.,xi\, 1862, pp. 405-480. 

1868. On the Identification of the Cattskill Red Sandstone Group with 
the Chemung. Ani^r, Jonrn, 8ri ct- AHh^ 2d series, xxxv. 1863, 
pp. 61-62. 

1868. Descriptions of Fossils from the Yellow Sandstones lying beneath 
the *^Burlington Limestone" at Burlington, Iowa, Proc, Amd, 
Nat, Set, Phila., xv, 1868, pp. 2-24. 

1862-4. Voices from Nature. iMdie*' JieposiUxrp, xxii, 1862, pp. 896-400, 
488^92, 518-522, 577-581, xxiii, 1863, pp. 46 51, 72-74, 149-158, 
201-204,269-272, 8a5-890, 456-460, 518-520, 625-628, 678-684,745- 
747, xxiv, 1864, pp. 81-88. [Sixteen articles.] 

1868. Suggestions on the Nature, Method, and Subjects of Sunday- 
School Instruction. Proc, Svnday-Schjool Ahmc, Washtenaw IHnt,y 
1868, ppj*r 145.- 

1868. Description of Elephantine Molars in the Museum of the Uni- 
versity of Michigan. Canadian Xaturalht, Oct. 1868, pp. 898-400. 

1864. Import Historical and Statistical on the (/Ollections in Geology, 
Zoology and Botany, in the Museum of the University of Mich- 
igan, made to the Board of Regents, Oct. 2, 1868. Ann Arbor: 
Published by the University. 1864. 8^ pp. 26. 

1864. Notice of a small collection of Fossils fn^m the Potsdam Sand- 
stone of Wisconsin and the Lake Superior Sandstone of Michi- 
gan. Amer. Jmiru. Hn. <!• Artn^ 2d series, xxxvii. 1864, pp. 226-288. 

1864. The Oil Region of Michigan. Description of the Baker Tract, 
situated in the heart of the Oil Region of Michigan. Detroit, 
1864. 8** pp. 7. ]iepu1)lished in Anwr, Journ, Sri, d- Art^^ 2d 
series, xxxix, p. JJ50. 

1864. Notice of the Remains of a Mastoilon recently discovered in 
Michigan. Amer. »/mini, Snenre <^ Artn, 2d series, xxxriii. 18(J4, 
pp. 228-224. 

1864. Description of a Gar-pike, supposed to be new^ — Lepidosteus 
(('ylindrosteus) oculatus. Proc Aai^, Xnt. Sn, P/nUt., xvi, 1864, 
pp. 188-ia-). 

1864. Geological Map of Michigan. Published by S. Geil, Philadelphia. 

1864. On the Origin of the Prairies of the Valley of the Mississippi. 
Amer. Jmir. Sri. <t* Arts, 2d series, xxxviii, 1864, pp. 882-844. 

1864. Postscript to Prof. Winchell's article on the origin of Prairies. 
Amer. Journ, Sn. <t* Avta^ 2d series, xxxviii, 1864, j>p. 444-445. 

18<>4. Meteorological Observations at Eiitaw, Ala., and Ann Arbor, Mich. 
Smith$oninn MeteorologlnU Obnercotionf, 1864. 

1864. On the Currant Worm of Ann Arbor, Michigan. Anur, Journ, Sci, 

d' Arts, 2d series, xxxviii, 1864, p. 291-292. [Condensed from an 
article in the Detroit Fr^^e Prf»H of .July 9, 1864.) 

1865. The Soils and Subsoils of Michigan. An Address delivered be- 

fore the Executive Committee of the Michigan State Agricul- 
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tural Society in Representative Elall, at I^naing, Thursclay even- 
ing, January lU, 180."). Pui)Iishe<l by order of the legislature. 
Lansing. 1865. 8" pp. :J0. 

18155. On the Oil Formation in Michigan and Elsewhere From are- 
port on the "Baker Tract," near Lakeport, St. Clair Ck)., Michi- 
gan. Amer, Jonrn. Sri. rf- ArtMj 2d series, xxxix, 1865, pp. 350-:$5:i. 

1865. An Act to provide for tlie completion of the Geological Survey. 
Mir/i. JjfyiMhitice Pror.^ Feb. 10, 1865. 

18<)5. Notes on Selandria Cerasi, Harris, as it occurs at Ann Arbor, 
Mich. Proc. Boston Sor. Nat. HUt, x, 1865, pp. 321-825. 

1865. Geological Report on Certain Oil Lands lying in the Counties of 
Sanilac and St. Clair, Mich., comprising in all about 31,000 acres. 
Detroit. 1865. 8-^ pp. 8. With map. 

JH65. Descriptions of New Species of Fossils, from the Mar.'thall Group 
of Michigan, and its supposed e^iuivalents in other States; with 
Notes on some Fossils of the same age previously described. 
P,or, Anid. Xnt. Sri, Phila., xvii, 1865, pp. 100-133. 

1865. Report on the Museum of the UniversHy of Michigan. JPrt*^, 
Board of Regent H for 1865^ PP- ■*• 

1865. Some indications of a Northward Transportation of Drift Material 
in the L >wer Peninsula of Micliig^n. A-ner, Joar/i. Sfi. it' Arts ^ 
2d series, xl, pj). :{:n-3:{8. 

lHiU\. Note on the Cieology of Petroleum in Canada West. Amt'r, Journ, 
Sri. <t- Arf», 2d series, xli, 1S66, pp. 176-17S. 

1H<)6. Report on th«' Oil rian<ls of Lambton County, Canada West. De- 
troit, 1H({6. s pp. 15. AVith maps. 

1S6(). Report on certain Oil Lands in Wet/.rl County, West Virginia. 
1S66. 12 ' pp. :\. 

1H66. The (irand Traverse Region. A Report on the Geological and 
Industrial Resources of the Counties of Antrim, Grand Traverse, 
Benzie, and Leelanaw, in the J-.ower Peninsula of Michigan- 
Ann Arbor, 1S66. ?< pf>. 1>7. AVlth mafi. [Kmbraces notices 
and descriptions of 50 species of fossils.) 

1S4»6. (reological Report on the Frauds of the Neff Petroleum Company, 
lyinir in Knox and Coshocton Counties, Ohio. S pp. 11. With 
map and sec-tirm, June, IHtJH. 

1S«)(». A Plea for Science. An Address delivered in Morrison Chapel, 
Kentucky I'niversity, Coniinencement Day, June 28, 1866. Cin- 
cinnati, 1S66. H pp. :\{\ 

lS(><i. The Fruit bearing Belt of Michiirau. Pror. Amrr. Ansoc. Adc. Sn.^ 
XV, 1H66, pp. S4-01. 

lS(Wt. Stromatoporidji': Th«*ir Structure and Zoological .Vlllnities. Proc. 
Amrr. AsHor. Sri.^ XV, 1S66, pp. iU-lMI. 

ISfijl. (With Prof. Oliver Marc} », Enum<*ration of Fossils collected iu 
the Niagara Limestone :it Chicago, IHin«>ls; witli Descriptions 
of several New Species. MmmirH Ihtston Sor. Xnt. irist,^ i, No. 
1, pp. ><l-li:i. Separate. Two ]>lates of illustrations. 
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lS6(i. Iteport on the Museum of the Univereity, Sept. 20, 186«. Printed 
by the Board of llegenta. H pp. 12. 

1S07. Peat in Michigan. Lf^irUVn Peat Journal, i, No. 1. 1867. 

IHCjT. Address on Public Geological Surveys, and the Geologicral Sur- 
vey of Kentucky, in particular. Delivered in response to a res- 
olution of the House of Representatives on Friday evening,. 
February Ist, 1807. Frankfort, Ky., 1867. 8 ])p. 21. 

1857. Synoptical View of the Geological Succession of Organic Types. 
Second edition. Ann Arbor. 1867. 8^ pp. 10. 

1867. Man the Last Term of the Organic Series. Ann Arbor. 1807. 
8= pp. 8. [From Vnirernty Mnynzhn.] 

1807. Report on the Museum of the University, Sept. 21, 1807. Pub- 
lished by the Board of Regeuts. N pp. 12. 

1568. The Onward March of tlie Race. Unirfntiti/ Mt(f/azine, ii, 1808. 

Separate, re paged. X pi>. s. 
ISOH. Rei)ort on the Museum of the University, Sept. 24, 180H. 8 pp. 15 
With plate. 

ISGO. Syllabus of a Course of Lectures on (reology to be delivered in 

the University of Michigan in the Months of March, April and 

3Iay, 1869. Ann Arbor. 18(}U. s pp. 1.^. 
184jy. The Old Age of Continents. Western Monthly, A])ril, 1801), pp. 

210-215, royal 8 . 
1H<)0. The Boulder of '09. rnhwHity Mof/azi/te, ^lay, 1869, p. 4. 
1S09. A Grasi» of Geologic Time. Western Monthly, June, 1809, pp. 

809-Jn4. 

1569. Table of Geological Equivalents. Geology of Tenn,, 1869, pp. 

:J04-365. 

1S09. Descriptions of Fossils from the Silicious Group of Tennessee. 
Geoloyy of Tenn., 1869, pp. 440-440. 

1S09. Outlines of a Proposed Final Report of a Survey of the State of 
Michigan, to be made in pursuance of an Act approved March 
26, 1869. Ann Arbor. 1.S09. 8 pp. 8. 

1809. Report of Operations in the Museum of the University of Michi- 
gan in the Department of Geology, Zoology, and Botanj', and 
tlie Department of Archa*oU)gy and Relics. For the year end- 
ing Sept. 21, 1869. Ann Arbor. 1869. 8 pp. 1 1. 

ISOIK Genealogy of the Family of Winchell in America: embracing the 
etymology and history of the Name, and the outlines of some 
collateral genealogies. Auu Arbor. 1809. 8 pp. 272. 

1809. The Mineral Fertilizers of Michigan. JUp, Ihpart. Agrie, Wash- 
ington, 18(J9, pp. 

1870. Syllabus of a Course of Lectures on Geology, to be delivered in 
the University of Michigan, in the months of February and 
March, 1870. Ann Arbor. 1870. 8^ pp. 18. 

1870. Sketches of Creation: A Popular View of some of the Grand 
Conclusions of the Sciences in reference to the History of 
Matter and of Life. Toirether with a statement of tlie intima- 
tions of Science respecting the primordial condition and ultimate 
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(loAtiny of the Kartli hiuI the Solar System, with illustrationR. 
New York: Harper & Brothers, Publishers, Franklin Square. 
1S70. 12 pp. 45». 

1870. Schedules of Inntructions for Observers and Collalwrators [on the 
Geological SurveyJ. IHTO. 8 pp. 7. 

1870. A Geological Chart : Exhibiting the Classification and Uelative 
Positions of the Hocks, and the various Phenomena of Strati- 
graphical Geology, together with an Indication of Geological 
E(iuivaleuts, the most important American and Foreign S\ti- 
onymss, and numerous Typical Localities, with an actual Section 
from the Atlantic to tlie Kcwky Mountains. Harper ik Brothers, 
Publishers, Franklin Square, New York. Size, 4 ft. by 7 ft. 

1870. A Key to a (Geological Chart. 8 pp. 18. 

1870. Ueport of Operaticms in the Museum of the University of Mich- 

igan in the Department of Geology, Zo<Uogy, and Ik)tany, for the 
year ending Sopt. lU, 1870. Ann Arlwr. 1870. [Published by 
Board of Regents. | 

1871. On the (Jeological Age and Eciuivalents of the Marshall Group. 

Proc, Aimr. Phih,». Sor., xi, 1871, pp. 57-82, 885-41S. 

1871. Notices and Descriptions of Fossils from the 3[arshall Group of 
the Western States, witli Notes on Fossils from other Forma- 
tions. Proc. Amer. Philon, Sor., xi, l^'7l, pp. 245-2<?0. 

1871. Report on the Progress of the State Geological Survey of Mich- 
igan. Presented to the State (teological Board, Nov. 22. 1870. 
By authority. Lansing. 1871. 8 pp. iU, 

1871. The (ieology of Berrien County ^licliigan. JJire*'fory of Jiern'cn 
Conn (I/, Feb., 1^71, j)p. 

1871. The Isotht*ruials of tlie Lake Region. /*ro^. Amer. Anttor. Adr.^ Sci., 
xix, 1S71, pp. UM; 117. With two charts. 

1871. Th«' Climate of Micliigan. s pp. 8, with two charts. 

1871. The Climate of the Lake Region. yAf//^)/'/-^ JA///</j//i/, July, 1871, 
])p. 27r)-2s,'5. 

1871. Scientitic Kducatioii. ('n-rmoiu'cn iind Sj^n'/ien ot the Dedication of 
Ortnttj' J"dd Ihdl nf Xot. >V/., Mfddbto,ri,^Ci,, pp. 87-68. 

1871. The Soils and (ieoloyicjd Features of Michigan. The Traveler 
fAtndoi,^ Kykj.^ i, 1><71. p. r)j;. 

1871. Report of Operations in the Museum of the University of Mich- 

igan in the Department of ( Jeology, Zoology, and Botany, and the 
Dei>artment of Archaeology and Relics, for the year ending, 
Sei)t. -j:?, 1S71. Ann Arbor. 1S71. [Published by the Board of 
Regents. I s pp. i',). 

1872. Maiiifestatioim of Power in Creation. Sunday School Jovrttaf, 

.Jan., 1S72, pp. 4(5. 
1872. Manifestations of Intelligence in Creation. Snndoy Srhoof Jitttrnal^ 

Feb., 1H72, PI). 2.") 27. 
1872. Manifestations of Benerieeuce in Creation. Sunday Sehft*d Jon nml, 

March, 1S72, pp. 50-51. 
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is:2. The 8eareh for Knowledge. The Chronide {Unir, Mirh,), May, 

1872, pp. 
1S72. Ueport of a Geolo<jical Survey of the Vicinity of Belle Plain, Scott 

County, Minn. Printed by order of the Senate. St. Paul. 1872. 

8 pp. 16, with cut. 
1872 Is God Cognizable by Reason ? yfHh. Qiuirt. Her., liii, 1872, pp. 

442-446. [Separate, with ailditions. | 
1872. Admission to the Iniversity. What is re<|ulred in Botany, 

Zoology, and Geology. Mich, Teacher^ viii, 1872, pp. 147-151. 
1872. The Unity of Creation. Sundnif Srhool Jounud, June, 1872, pp. 

123-124.' 
1872. Tlie Religious Nature of Man. Sttnthnj Srhoof ./<;^//'/*rt/, .July, 1872, 

pp. 145-147. 
1872. Moses and Geology. Samhiy Sfhool Journ^iJ^ Aug., 1872, pp. lll- 

172. 
1872. The Mo>*aic Deluge. Suiuhit/ Sfho^pl Jonnoti, Sept., 1872, pp. 193- 

l«r). 
1872. Man in the Light of Geology. Smufai/ Srhool Journal, Oct., 1872, 

pp. 210-221. 
1872. Finiteness of the Existing Order of Things. Smuiay School Jonr- 

fwl, Nov., 1872. pp. 241-248. 

1872. The Bible in the Light of Nature. Sundny School Jouroal, Dec, 

1872, pp. 51-5:J. 

iSTil. [Supplement to] Moses and Geology. Simdiit/ Srhoid Journal, .Ian. 

1873, pp. 13-14. 

187:». Report of Operations in the Museum of the University of Mich- 
igan, in the Department of Geology and Botau}' and the Depart- 
ment of Archjpology and Ethnology, for the sixteen months end- 
ing January 14, 1873, 8 pp. 20. 

1873. The Modern University. An Inaugural Address as Chancellor 

of Syracuse University, Feb. 13, 1873. 8 pp. 37. [Also included 
in Addresses and Other Exercises at the Inauguration of Alex- 
ander Wincliell, etc., etc. pp. 43-79.) 

1873. Speech at the Laying of the Corner Stone of the Sage College of 
the Cornell University, May 15, 1H73. 12 pp. 17-30. 

1873. The Diagonal System in tlie Physical Features of Mi(*higan. 
Amrr, Jotirn. Set. Atin, 3d series, vi, 1873, pj>. 36-40. 

1873. The Geology of the Stars. Boston; Estes ct Lauriat. Half ] four 
Jircreotions in Pop, Sri., No. 7, pp. 255-286. 

1873. Tlie Unity of the Physical World, I. P'acts of Co-Existence. 
Meth, ^/mr/. i?«c., Iv, 1873, pp. 181-205. 

1873. Report of the Syracuse University. Addresseil to the Central 
New York Conference, Sept. 24, 1873, pp. 4. 

1873. Michigan. Being ('ondensed Popular Sketches of the Topog 
raphy, Climate and Geology of the State. 8" pp. 121, with 8 
lithographic and colored charts, extracted from M^allinya Atlan 
of Mich. 
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1H74. The Unity of the Physical World, II. Facts of Succession. 
Meth. Quart, litr., Ivi. 1H74, pp. 28. 

18T4. The DoctriDe of Evolution: Its Data, its Principles, its Specula- 
tions,and its Theistic Bearings. New York: Harper &Br<Jther8^ 
Publisliers, Franklin Square. 1874. 12 pp. 148. 

1H74. Report of Syracuse University to the Hoard of Regents of the 
University of the State of New York. 187th lieport **f th* 
Jif gents, 1874. 

1H74. Report of the Syracuse University, April o, 1874. To tlie Con- 
ferences of the Methodist Episcopal Church in the State of New 
York. 8 pp. 4. 

1874. Syracuse I'niversity. Annual Report to the Board of Trustees, 

Presented June 23, 1874, and ordered printed. S pp. 17. 

1875. Religous Ideas Among Barbarous Tribes. Meth. Quart, i?f r., Ivii, 

187."), pp. 5-27. 
187."). The Religious Nature of Savau^es. Meth, Quart, /{ec, Ivii, 1875,pp. 

I{.')7-878. 
1875. Thoughts on Causality, with References to Phases of Recent 

Science. TrariH. Alhuny Iiint.^ Fob. 4, 1875. 
1875. Syllabus of a Course of Lectures on (Geology, to be delivered in 

the Syracuse University during the Winter Term of 1874-5, 

Syracuse. 1875, 8 pp. 32. 
1875. School of (icology in the Syracuse University. 8 pp. 4. [Pro- 
ject of.] 
1875. Supposed Agency of Ice Floes in the Uhamplain Kpoch. .sVtV;j- 

lifir Monthly, Toledo^ Oct., 1S75, j)p. 
1875. Supposed Agency of Ice-Floes in the Uhamplain Epoch. Amer. 

Jour. Sci. d' ArtH, M series, xi, I87r>, pp. 225-228. 
1875. Ri'Ctificalion of the (ieologicnl Maj) of Michigan. J^ror, Amer. 

AMAor. Affr. Sri., xxiv. 1S75, ])p. 21-43. 
1875. Plan of Advanced Courses of Study in (Geology and Zoology.. 

Publislied by Syracuse University. 12 pp. 0. 
1870. Climate and Time. A Review of Croll's Climate and Time. In- 

ternatioNftl liec, July-Aug., 1870, pp. 51 J) 520. 
181<;. The Dawn of Life. A Review of Dawson's **The Dawn of Life."' 

International Hec, ^uly- Aug., 1870, pp. 541-544. 
1870. God in the World. A Review of Cocker's Theistic Conception of 

the World. Meth. Quart. Hec, Iviii, 1S70, i>p. 51 1-529. 
1877. Huxley and Evolution. Mrfh. Qoort. Iln., liv, 1877, pp. 280-8a5. 
1H77. Prea<Iamites. MrCtintorl: and Sin>nf/'s t't/rlo. Bil}.^ Theol,^ and 

KrrU'. Lit, 1877. 

1877. Reconciliation of Science an<l Religion. New York: Harper & 

Brothers, Publisliers, Franklin S<iuare, 1S77. 12 pp. 403. 
1M78. Adamites and Preadamites. Syracuse, N. Y.: John F. Roberts. 
1878. 8 pp. 52. [Reprint of ten articles in Xf^rM^/-// C/iriWiVf» 
Adrorate^ Pamphlet]. 

1878, Masttxlon and Mammoth. Published bv Prof. H. A, Ward fronk 

articles iu Xew Yorl: Trilmnt, Aug. 17, 1S7S. s pp. 10. 
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187H. Iniversity Control. liead before the University Convocation, 

July 10. Ninety-first Anniuil Report of th^ Regents of t)ie Unicer- 

tiity, 8 pp. 12. 
1879. Syllabus of a Course of Lectures on Geology, Delivered before 

the State Normal School at Potsdam, N. Y , May 19-31, 1879. 8^ 

pp. 7. 

1879. The Sanitary Geology of Nashville, [Tenn.]: or, the Geological 

Structure of Nashville in Relation to Drainage, Springs, Wells, 
and Cellars. 8^ pp. 14. Report of the Nashville Board of 
Health. 1878. 

1880. The Metaphysics of Science. North Amer. Rer., Jan., IHSO. pp. 

<i9-84. 
18S0. Syllabus of Courses of Lectures and Instruction in General Geol- 
ogy, with References to Sources of Information. Ann Arbor: 
Sheehan & Company. 1879. 8^ pp.115. 

1880. Preadamites; or, a Demonstration of Existence of Men before 

Adam. Together with a Study of their Condition, Antiquity, 
Racial Aftinities, and Progressive Dispersion over the Earth. 
With Charts and other illustrations. Chicago: S. C. Griggs and 
Company. London: TrUbner & Co. 1880. S pp. xxvi, 500, 3 
charts, frontispiece, 57 woodcuts. 

1881. Geology of Washtenaw County, Michigan. [Extracted by per- 

mission from the History of Washtenaw County.] Chicago: 

Charles C, Cliapman & Co. 1H81. 8 pp. 30. Hint. Waxhte»aw 

0>., pp. 141-172. 
1881. The Study of Mankind. A review of Taylor's Anthropology. 

lite Difil, Chinif/Oy 1881, pp. - . 
1881. The Human Career. A review of Lesley's Man's Origin and Des- 

liny. Th' Dial, Oct., 1881, pp. — . 
1881. Sparks from a Geologist's Hammer Chicago: S. C. Griggs & 

Co., 1881. 12 pp. 400. 20 illustrations. 
IHHi. The Climate of Micliigan. A paper read at the Annual Meeting 

of the State Horticultural Society, Dec. 7, 1880. [Extracted 

from the Annual Report of the Society for 1880.] 8 pp. 11. 

Ann, Rep, Stote Ilort. Soc, 1880, pp. 155-163. 

1881. James Craig Watson. [Biographical Sketch.) Aiaer. Jour. Sci. 

d' Arts., xxi, 3d series, 1881, pp. 62-65. Separate, repaged, pp. 6. 

1882. Address at the Funeral of Prof. James Cniig Watson, Ph.D., 

LL.D. Memorial Addrexses, pp. 21-26. 

1882. University of Michigan. A Memorial Discourse <m the Life and 
Services of Rev. Erastus Otis Haven, D. D., LL.D., Professor in 
the University from 1853 to 1856, and President of the Univer- 
sity from 1868 to 1869, and late Bishop of the :Methodi8t Episco- 
pal Church in the United States. Delivered in Univer ity Hall, 
by request of the Senate, Nov. 6, 1881. Published by the Uni- 
versity, 1882. 8 pp. 57. Pooiphlet. 

ls^'2. Ancient Mnh and Modem Fact. Th DIhL Chicago, ii, April, 
1882. PI). 284-2KG. [Review of "Atlantic": The Antediluvian 
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World, by Ignatius Donnelly. Illustrated. New York: Harper 
& Broth -rs. J 

1582. Prof. Adam's "Manual of Historical Literature." Tht iPiol ii, 

April, 1882. pp. 290-291. 

1882. TIio Speculative Conseciuences of Evolution. A Lecture before 

the Summer School of Christian Philosophy, at Greenwood 

Lake, July IS, ISHl. Christian Phih^yphif Qtmrttrfi/, April, 1882, 

pp. 1-30. 
18*^2. Report on the Use of Microscopes in the University. Procftdinfjn 

Jioanf of licgetifs, June, 1882, jip. 201-212. 
1888. A Scientistic Romance. Review of Donnelly's Ragnarok. Tfif 

Dial, ChiiUKjo, January, 1883, pp, 207-209. 

1883. The Experiment of Universal Suif rage. Norih Amer. Reriew^T^h. 

1883, pp. — . 
18S3. Incipient Communism in the United States. North Amcr. lit ritur^ 

March, 1883, pp. — . 
18S3. The use of the Microscope in (Jeology. The Mirro»rope. Feb., 188:;. 

1853. Forms of the Theistic Argument. 8 vo. 8 pp. Pamphlet. Jan., 1883. 
1S8;J. Commemorative Address on the late Prof. B. F. Cocker, D. I). 

Delivered in accordance with a resolution of the Universitv 
Senate, in University Hall, June 24, 1883. 8vo. 35 pp. Published 
b\' the University. 
ia*^3. Cri'ti<iue of M. loly's, *-Man before the Metals." Th Z)////,Chicago, 
Juh% 1883. 

1583. World- Life or Comparative Geology, 12 mo. pp. xxiv, and 642, 

with 5U illustrations. S. C. Griggs A: (.'o., Chicago, 2 Nov. 
iss.i. The Perils of the Arctic. Review of the Voyage of the Jennette. 
Thr Dial. Chicago, Nov., 1883. 

1883. Secular increase of the Earth's mass. Srimr*, ii, 820-21. Dec. 28, 

1883, Chtraieal yum, London, Mar., 1884. 
18M4. Sunset (ilow in a CUouded Sky. >V/V/i<v, iii, 4, Jan. 4, 1884. 
1H84. Limits of Tertiary in Alabama. Nc/V/jrr, iii, 32; Jan. 11, 1884. 

1884. Symposium: Is the Darwinism Theory of Evolution Reconcilable 

with the Bible r If so with what Limitations? The JlomiUiic 
Monthly. Mar. 1884, pj). 345-0. 
1884. Homer and Schliemann, a Review of "Troja." Th( Dint, Chicago, 
March, 1884, pp. 269-72. 

1854. Coordination of Mind with the Cosmos. A Review of the Duke 

of Argyll's "Unity of Nature." The Dial, Chicago, May, 1884. 
1H84. (rcological Excursions, or the Rudiments of Geology for Young 

Learners. 12 mo. pp. v. 234, with 87 illustrations in the Text. 

Chicago, S. C. Griggs & Co., 16 May, 1884. 
1HS4. Thoughts on Science Teaching. //<df^.r, 12 July. Also a separate 

Pamphlet,12 mo. 16 pp. 
1><84. Our Remote Anc«»8try. North Amrriran Ji(cirtr,Hei)t , 1884, pp. 

246-57. 
1884. Darwinism. Arti<b' in Knn/flopnlia Dritanira, Amer. Reprint. 

Supplem«Mit. vol. ii, Oct. 18; 15,0(M) words. 



1584. |.Iohu»ou'8 Natural History.] Kevisions ami Additions in 22 

articles. Total 45,000 words. 

1585. America before Columbus. Review of Xadailhic. The IHnl, 

Chicago, Feb., 1885. 
1S85. Evolution. Article in McClinU>ck and Strong's Cyclopedia, Mar., 
1885. 9,000 words. 

1585. Anthropomorphism. Mcthodht Jien'ra, New Yorlc, July, 1885,« pp. 

510-35. 
1885. AVhy should a Clergyman Acquaint Himself with Science? 

HoiiHletir Monthly, Aug. 1885, pp. 100-111. 
1885. Provisional Analysis of Stromatoporoids. Pamphlet, 2 pp. 28 

Aug., 1885. 
1885. Meeting of the Amer. Assoc, at Ann Arbor. Amtr, Jour. Sri. (iii.) 

XXX, 322 24, Oct., 1885. 
1885. Notes on some of the Geological Papers Presented at the meeting 

of the Amer. Assc , at Ann Arbor. AmtT, Jour. Sri. (in), xxx, 

315-17. 
1885. Scheme of Undergraduate Geological Study. Pamphlet, 4 pp. 

Oct., 1885. Publisheil by the University. 
1885. Sources of Trend and Crustal Surplusage in Mountain Structure. 

Amer. Jour. Sri, (lit), xxx, 417-20. Dec, 1885. 

1885. Ann Arbor water-works. A Cliristmas Inauguration. Th* Chmn- 

irit^ Ann Arbor, Dec, 1885. 

1886. A walk under the Sea. Treuxure Trore, New York. Feb., 188C. 
1886. Sources of Trend and Crustal Surplusage in Mountain Structure. 

Proc. Am. Aumor. Adr. Sri., iSSTy, pp. 209-212. Feb. 11, 1886. 
1886. Modem Writings bearing on the Relation between Intelligence 

and Religion. HomiUtic Herirw, Jan., 1886. 
1886. Science and the State. The Fonim, March, 1886, pp. 1-14. 
1886. Glacier Pressure in a new Light. Thr Avf/onnut, Ann Arbor, 13 

March, 1886. 
1886. Glacier Pressure and Northern Sul)mergen('e. The Argonaut, 10 

April, 1886, 

1886. Geological Studies, or Elements of Geology. For High Schools, 

Colleges, Normal and other schools. 

Part I. Geology inductively presented. 

Part II. Geology treated systematically, with 367 iilu trations 

in the text. 12 mo. pp. xxv and 513. Chicago, S. C. Griggs «k 

Co. 1 July, 1886. 

1586. Walks and Talks in the Geological Field. 12 mo. 329 pp. New 

York, ChiiaUiuqud Prenn, C. L. S. C. Department. 805 Broadway, 
1 July, 1886. 

1887. Report of Geological Observations made in Northeastern Minne- 

sota, during the 8*>a8on of 1886: accompanied by a geological map 
and 57 structural illustrations. Published in the Fiftn nth Re- 
port of the Minnrnot<i OroJogirnl Surrey, Aug., 1887. 
1887. Ignatius Donnelly's Comet. Published in Thr Forum. Sept., 
1887, vol. iv. 
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1887. Recent Scientiflc Discoveries of Special Interest to Clergymen. 

Ilomiletit' Hecino. New York, Sept., 1887. 
1887. Geology and the Bible. Published in "Tr/u and /" (after\\'a*d 

''Signal Light fC*). Detroit, 1887. 

1887. Man and Evolution. HomiUHc lietiew. Dec, 1887. 

1888. The Unconformities of the Animikie in Minnesota. American 

Qeologi$t^ Jan., 1888. 

1888. Geology in the Kducational Struggle for Existence. An editorial 
in the American Ge^Aogifkt, Jan., 18S8. 

1888. Circular letter (Jan., 1888) to the teachers in the secondary Schools 
of Michigan, inquirins' as to the teaching of geology in those 
schools. 

1888. Some Effects of Pressure of a Continental Glacier. American 
Geologist, Marcli, 1888. 

1888. Geology in the Schools of Michigan. Second circular letter to 
the teachers of Secondary Schools in the state. March, 18S8. 

18S8. Speculative Conse^iuences of Evolution. Univ. of 3Iich. Philo- 
sophic4d Papers. Second series. 

1888. The Rights of Intelligence under Paid Service. Editorial iu the 
Amenc4in Urologist, April, 1888. 

1888. The Taconic (Question. Anurifnn Gefihtgist^ June, 1888, vol. 1, 
pp. 347-308. 

1888. Geology as a Means of Culture. American Geologist. July and 
Au«ru8t, 1888, pp. 44-51, and 100-114. 

1888. Circular of] committee of Organization of the American Geo- 
logical Society. August, 1888, (with J. J. Stevenson; Sept., 1888. 
With provisional constitution and by-laws. 

1H88. American (ieological Society. Second circular of the Organiz- 
ing Committee. Oct., 1888. 

1888. Geology and Culture. Read at the 20th Convention of tlie Uni- 
versity of the State of New York. Published by the Regents. 
Nov.,*lH8S. 

1888. American (icological Soci(*ty. Three circulars of the Committee 
ot Organization. 

1888. Reviews of recent literature. American Geologist. Dec. 1888, p. 
428-432. 

lS8t). Reviews of recent Geological Literature. Amenean Geohygi^t. 
.Ian , 1H89, pp. 48-50, 51, 53-55, 57-59. 

1880. The Geological Society of America. Editorial in the American 
(fiologisf, Jan , 188U. 

1880. Advantages of Scientific Education. Methodist Iferiew, March, 
1880. 

1^80. Report of a (ieological Survey in Minnesota during the Season of 
1S87; Embnicing comparative observations on some other re- 
gions. Published in the ^6th Report of the Minnesota Surve^^ 
pp. i:W-503. 

1880. Conglomerates enclosed in Gneissic Terranes. American Oeolo^ 
gist, March, 18*^0, pp. 154-105. 
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1880. Rejoinder to Dr. l^awson. Editorial in the American Geologist, 

March, 1889. 
1889. Reviews of Recent Literature. Amerimn GiologUt, Marcli, 1889, 

pp. 197, 198, 199. 
1889. Two Systems Confounded in the Huronian. Amerimrt Geologist, 

March, 1889, pp. 212-214. 
1889. Conglomerates Enclosed in Gueissic Terranes. (Supplement.) 

Amerimn Geologist^ April, 1889. pp. 256-262. 
1889. Douglass Houghton [with portrait]. American Geologist, Sept., 

1889, pp. 129-139. 
18S9. Views on Prenebular Conditions. Aoierican Geologist^ Oct., 

1889, pp. 196 205. 
1889. Constitution of the Geological Society of America (as finalU' 

adopted), Oct., 1889. Pamphlet. 
1889. The Scientific Estimate of Christianity. Monthly Bulletin, Ann 

Arbor, Nov., 1889, pp. 19-24. 
1889. Charles Whittlesey [with portrait]. Amerimn Geologist, Nov., 1889, 

pp. 257-268. 
1889. Reviews of Recent Literature. Ameriran Geologint, Nov., 1889. 

pp. 303-808. 

1889. Interesting Norwegian Geology. Ameriran Geologist, Nov., 1889, 

pp. 314-320. 

1890. Some Results of Archieau Studies. Bui. Geol. Sor. Am., vol., 1, 

pp. 357-394, April. 1890. 

1890. Winter Meeting of the Geological Society of America. Ameriran 
Geologist, Feb., 1890, pp. 117-122. 

1890. Organization of the Geological Society of America; Historical 
Sketch of the Organization. (Prepared in accordance with the re- 
quest of the Council). Bui. Geol. Soc. Am., vol. 1, pp. 1-6, Feb., 1890. 

1890. The Geological Position of the Ogishke Conglomerate. Proc. 
Am. Asse. Adc. Sri., vol. xx.wiii. (Abstract.) 

1890. The Wesleyan Guild at the University of Michigan, June 6, 1890, 
pamphlet. 

1890. A list of 99 Kodak photographs taken in the summer of 1890, on 
the excursion with the Rocky Mountain Club. 

1890. Recent Views about Glaciers. The Forum, Nov., 1890, pp. 306-315. 

1890. Recent Observations on some Canadian Rocks. Aaieric4(n Ge^)lo- 

gist, Dec, 1890, pp. 360 370. 

1891. American Opinion on the Older Rocks. Published in the 18th 

Report of the Minnesota GeoUtgical Surrey, pp. 65-226. 
1891. A Last Word with the Huronian. Bui. Geol. Sor. Am., Vol. ii, pp. 
85-124, Feb. 5, 1891. 

[Note. Several minor impers and reports known to liav»» been prepared by him in 
ISUO and 1801, are not yet publit<hed, or at least have not lK»en 8een in print. He had 
fil9o recently done some work on a revision of the fossils of the Marshall group for the 
U. S. Geological Survey, being a continuation, with illustrations, of his memoirs of 
I8T1. There ie also, in manuscript, a work nearly complntojl. on Intellinenee and Rt'- 
I'ujlon, and a large numljer of poems, essays and lectun's. Th^ foregoing list embraces 
nothing which was published in newspapers.] 
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IV. Ills OTIIKK WOKK NATIRAL TIIKOMKIY, PHILOSClPlI V, EDl- 

CATION, Ills POPI'LAR LKiTl'RES. POETBV. 

Tt would Heem as if oarly in his professional career Dr. Winehell 
laid down a sohenn' of philosophical postulates and their conse- 
quences, uiakinjj ;{S in all, and that all his subsequent writings 
and study were din^cted to the amplification and enforcement of 
this series. All the fundamental ideas of his lat«r works and 
tlie ratiocination of his niaturer years, whether published or un- 
published, may be found in jrerminal condition in this early 
scheme. Tliese logical steps w(»re published in 18G0, in the 
Mlchiqiiu JttHntiff o/' Kihirntiim : '"The cvclcs of matter: or the 
permanence of the earth and the destiny of the race. " In the 
pursuit of this great theme he expanded the realm of geology 
over the entire history of the earth and its inhabitants, and over 
its associated worlds. When the inductive method failed him for 
lack of facts of observation he called to his aid imsigination 
guided by logical relations. When he encountered man and ani- 
mate nature, as parts of this cosmos, he sought to adjust them 
to each other and to their origin and destiny in the light of what 
knowledge he had. and when the light was faint he strove to in- 
crease it by reasonable speculation. Among his fii*st writings of 
this kind was a series of articles on ''Ohristian Theolog}' illus- 
trated from Nature."' i>ublishe(l in the Noi'tlnnstern Christitm 
Ai1rorat«'^ at (Mncago. lie was sensil>le that in these articles, 
which added mncli to the Hutlerian method of -'Analogy,'* there 
was still lacking an essential link, in that the validity of the eos- 
mological argument was assumed rather than proven; he then en- 
gaged on an undertaking which he prosecuted with such diligence 
as his other duties wouhl permit, till the last year of his life — an 
attempt to establish the vali<lity of the * "argument from design/* 
resulting in a work that lie cntithMl 'Intellect and Religion/* to 
which h(» freuuentlv refers as his -belated work," his work **manv 
times begun* It went through varied evolution in form of 
argument and in its general title, having been l)egnn as **Tlie 
<ieol<>gie Ages, revived as -A .system of Natural Theology*' 
and left with the above title. The work remains unpu1)lishe<l. 

TIk* burden of his educational labor lay in the directi9n of a 
wideniuir <>f the aveimes of natural science, ami its introdnetioii 



Ah^ander Winchelh 141 

into st'condarv scliools. He insisted that the vonng student is 
more observing than rerieetive or analytic: that the education of 
the mind should be by an appeal to its most accessible and most 
l)0\verful impulses, and that the influence of science on the human 
mind, especially in its formative stage, is more healthful to a 
normal growth, and more conducive to moral rectitude and more 
stimulating toward a right ambition than anv other field of 
knowledge. He considered it a great mistake to fill the mind of 
the stiulent with the quirks of an extinct syntax, and to "edu- 
cate ' him by familiarizing him with the questionable doings of 
the mythical gods and goddesses of the ancients. He believed 
that there is as much mental and ethical culture to be derived 
from the study of natural science, when pursued with ecpial 
thoroughness and exactness, as from the study of Greek or Latin 
literature or of mathematics. 

His greatest achievements in education, however, were won in 
his own class-room. He was a living example of what he urged 
upon his pupils. \w his lectures he was aglow with enthusiasm, 
but it was an enthusiasm tliat was deep-seated, and a glow that was 
steady and strong rather tjian hot and flashy. Xo earnest student 
could carry forward the course of study allotted to his depart- 
ment without receiving a conviction of the vastness as well as of 
the beneficent role of geology in human knowledge, and a pro- 
found sense of the grandeur of the thoughts which it inspires. 
He lal)ored diligently and long in the Ilhiversity of Michigan, 
and he erected a durable monument in the hearts of his ijtudents, 
manv of whom have testified reverent I v to the high ideals which 
his teaching inspired. 

Along with his class-r<K)m work he conducted systematically 
some laboratory investigations, and in these, whether in paleon- 
tology or in lithology. he always had the presence and the atten- 
tive interest of some more advanced students. Owing, however, 
to rather adverse surroundings he was never able to ^Kpiip a labo- 
ratory that was commeusurati' with the needs of his department, 
nor in harmony with his ideas of the imi)ortance of ijeolotry in 
the college curriculum. 

His largest educatioiud field, however, was the public platform. 
Here he was under no constraint by reason of vouthfnl auditoi*s. 
No limits were set to his rhapsodic scientific elociuence. Xo 
courteous regard for the amenities of possible professorial eti- 



(luette lijiniperod the free flow of his eritieisin, or the exultant 
propliesy of the betterments of the future. All the fields of all 
knowledge were open before him. He could cull from them what 
suitiHl his theme or his purpose. His soul rose within him as it 
expanded to embrace and express the grandeur of his tliought, 
or to enforce the steps of his argument. His style was deliberate, 
logical or argumentative, full of comparison and illustration, sel- 
dom impassioned, gnu'eful in delivery, rhetorical, oratorical. He 
was not a <piick, impromptu speaker. His lectures had all l)een 
thought out, as to general trend, beforehand, but the particular 
phraseology, and the adapted illustration wen* the product of the 
moment. His success as a public lecturer wius due to the com- 
pleteness of his knowledge of his themes, the freshness and 
originality of his conceptions and the graceful rhetoric with 
which he spoke. 

He wjus also a poet. '*verv nuich of a poet," as stated by Prof. 
Harrington.* There is a tinge of poetic sentiment apparent in 
much of his scientific writing. Poetic comparisons, allusions, 
quotations, either directly metric or in prosaic form, are scattered 
through the more stai<l discourse, in such a manner that their 
author is revealed as one having a lively poetic sense and a com- 
mand of the best expression. Had he chosen to clothe his scien- 
tific out reachings into undemonstrated science in measure, he would 
have given to the English language much of the high cosmical 
poetry which (J(ethe gave to the (icrman. Most of his metric 
compositions, however, were confined to topics of personal and 
domestic nature, and some of them are particularly apt and 
touching. The following is from his poem delivered 15 July, 1872, 
on the twentv-fifth annivei*sarv of his class, at Middletown. Ct. 

Oh, therr^ is a life, within our life concealed- - 
The scene of confiicts to uo eve revenlod — 
A shoreless depth, heaved in a starless night — 
Its billows swelling in resistless might 
And in the compass of its throes we see 
Tho con8(rioii8 proofs of immortality. 

Nothing could exceed the beauty of his short poem '*To my 
dear ones in Heaven," (pioted by l*rof. Harrington. 

In short, by his intimate knowledge of the higher relations of 
science to the good of man. and his sympathy with his noi)ler 

♦University memorial aiMress, p. 24. 



aspirations, Dr. WineheH's life and work stand to tlie young geolo- 
gist as a monument to the altruistic and humane side of science, 
a field too often forgotten by investigators in the pursuit of ab- 
stract knowledge. His life and all his struggles were for the ele- 
vation of his profession, and the extension of its acceptance by 
humanity, upon whose support its progress depends. 



V. roNCLi'srox. 

Bv the death of the senior member of the editorial board of 
the American Geolooist, the science for whose furtherance the 
magazine was instituted and has been maintained, lost one of its 
most earnest and successful students and teachers. Alexander 
AVinchell was well known on both hemispheres as a philosophical 
geologist of no mean rank, a member of that company — always 
small in comparison with the main bod}' — who do not limit their 
energies to one narrow field, but delight to range over the whole 
of their favorite science. No student now-a-days can be an -'Ad- 
mirable Crichton," master of the whole of human learning. In 
early times such marvels were possible. Nature was nearly un- 
known, and the earnest worker, favored with leisure, money and 
brains, could traverse the entire field and gather the croi> which 
others had raised. 

But with the rapid outward advance of the boundary line of the 
known and the correspondingly rapid increase in the number of 
the laborers, the task of even hastily running over so vast an area 
became too great for all save the few colossal intellects that the 
human race occasionally brought forth, and who tower above the 
heads of their fellows as intellectual giants. Even these few 
grow fewer with the passing years, and ere long it will tax or 
transcend the highest powers of nature to produce such prodigies 
— not that nature is failing, but that life is too short and faculty' 
too weak to recollect or systematize the mighty mass of detail. 
Hence the rapidly increasing specialization of the present da}*. 

The limitations of i)ower, time and means imposed on most 
students confine their labor within narrow areas, that can be kept 
well within their mental purview. By the multitude of such 
workers is the careful cultivation of the whole field secured. 
Hence the great and increasing value of the few^ gifted by nature 
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with the hirger or more |>owerful hniins who if aided by time and 
means, or sometimes without them, can take a wider range and. 
<Mit<Tin^ into the lal)ors of other men, can gather their results and 
<*om})ine them into one harmonious whoU?. 

Tlu»se two orders of mind are totally ditfercnt. The former is 
iMinibered with details. The latter is often accusiMl, but wrongly. 
of despising tlu^in. So far is this from the truth that such minds 
are usually the most perfeet masters of details. So perfect is 
this mastery that they never lose their way am<mg them. As one 
traveling hy compass nuiy seem careless of local waymarks while 
following the higher guide, so minds of this order appear to go 
straight to their desired {}\\i\ as though led by a supernatund faculty 
that is perhaps incomprehensilile by their fellows. 

Without claiming for .Mexander Winchell the highest i)osition 
jimong these leaders of thought we think that every fair-judging 
scientist will at c>nce allow that he deserves and will hold one of 
no mean rank. Himself n working geologist in the field, he was 
well ac(piainte(l with geological methods —a teaching giH)logi8t in 
the university, he was skilful in imparting his own knowledge*, 
and in tniining others to habits of observation and investigation — 
a speculative trcoloirist in the studv. he boldiv followed out the 
logical (l(Mluctions from his i)rcmises to their uttermost attainable 
limits. 

T(» those who knew him personally all this is perfectly familiar. 
Those who knew him only through his writings must be almost 
ciiuaiiy conscious of it. Few who have attended his lectures in 
the class-rooin or elsewhere can fail to testify that he ])OSses8ed 
the ran' and valuable ability of rousing int(»rest and not unfre- 
(piently enthusiasm in his students. None can read his World 
Lift without realizing that scientific imagination of a high order 
impelled the pen that wrote under the control of the strictest logic. 

Mr. Hopkins, one of the few mathemati<'al geologists of the 
first half of the jn'cscnt century. us<m1 to complain that mathema- 
ticians did not read his geological papers, an<l that geologists did 
not read his mathematical ones. The complaint was well founded, 
an<l if now made bv another (»f the same school wouhl be. but 
slightly less true. Few geologists are competent for the latter 
task, and few mathematicians for thi' former. Various causes, 
many of them inevitable and natural, are resjionsible for this re- 
sult. IJut the remark of Robert Mallett is not an exaggeration of 
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tho trutli tlitit *'to make sound progress all who profess to be 
geoloj^ists must first l)eeome mathematicians, physicists and chem- 
ists. ■" 

In tliis respect Alexander Winchell was an exception to the 
rule. Without claiming rank as an eminent mathematician, a 
standing which few working geologists can ever attain, he fully 
appreciated the immense advantages which his favorite science 
might obtain from the lalK)rs of her sister, and not a little of the 
fascination that attracted and held his hearers mav have been due 
to this willingness and ability to follow the mathematician in his 
reasonings, and even in his specuhitions on the past and the future 
of the earth. 

Among the works that came from the pen of our himented col- 
league no one in our opinion will take and hold a higher place 
tlian •• World Life. " In making this remark we do not intend 
to imply any comparison to the disadvantage of his other writings. 
These are and will long be of immense vaUie, especially in awak- 
iMiing an interest in the study <^f geology among those who have 
not previously directed any attention thereto. But others have 
written, and written well in the same wav, and with the same re- 
suit. We are not however aware of anv svstematic work in the 
Knglish language that covers the field chosen by Alexander Win- 
chell in his '-World Life. * Largely drawn, as he himself is the 
first to acknowledge, from tiie writings of others too numerous to 
name, the data and the deductions are here thrown into a con- 
nected whole, so far as is yet possible, and with these scattered 
fragments of material the author has succeeded in laying the 
foundations of a new science — one in which the geologist no longer 
limits his attention to the .earth, his home, but grasping a.*^ a cen- 
tral and cardinal principle the consanguinity of the universe, rises 
from terrestrial details to cosniical generalizations, and enlisting 
in his service the astronomer, the chemist, the physicist and the 
mathematician, deduces from their data the conclusions to which, 
given time and the contiinuinee of nature's present order, they 
must inevita])lv lead. For these reasons we rejjard the work as 
the author's master-piece, and in spit(» of all its defects and errors 
which the future must supply or correct, we look on it as a nionu- 
juent which will long testify to the high mental ([unlities and wi«le 
intellectual grasp of the man and the geologist. 
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Tu the piilflioution of •• World Life ' nijiy l>i* ascrilxKl the intro- 
(luftion to the readinjr world of the now science of eomparatiw 
jreology or planetology. The domain which Alexander Winchell 
then enti^re<l had never lu^fore l>een trodden ])v human foot, save 
where here and then* one and another had stepped across its line 
and had U»ft his few f<»ot prints on the surface of the untraveleil 
wilderness, (^irefnlly mappinjr jilj thes(^ scattered and divergout 
tracks, he delimited the known, and starting from this base, he 
carried as by an initial triangulation, his original and independent in- 
vestigations into the unknown beyond. Or, changing the figure^ 
the known laws of physics furnished a sure and safe basis of 
reasoning, and combine<l with the observations of the a.strono- 
mer, enal)led him U% venture otf the firm gnmnd of sense into 
that ivgion of speculation- -not of fancy — that wjis 

Neither nea, nor good dry land, a dark 

Illimita!)le ocewn, without bound. 

Without dimension, where length, !»readth and hight. 

And tinie an<l place are lost: 

The realm of Cliaos and Old Niu:ht. 

— Miff** it. 

In this chaotic region he has laid the foundations of a new em- 
pire — a new science —a sci(Mice that shall one day read to us the 
history of the i)lauets and the stars — the science of astro-geology, 
as he himself has happily termed it. 

The conct»ptions which "World Life" brings before the ivuiler 
are such as iM^irtrju- the Iofti«'st and wildest fictions of eastern or 
western fancv. and forcildv illustrate the beautiful w(n*<ls of 
IMayfair that ••R«»ason can .sometinu»s go where imagination dait^s 
not follow." 

Dealing with masses immeasurable, with a*ons incalcuhible and 
with conditions of temperature, pressure, etc.. totally ineomprc- 
hensible. he pictures before his readers the beginnings of being. 
the universe in its birth, and depicts the evolution of the various 
spheres through their periods of incandescent youth and cool ma- 
turitv. to their ultimate extinction in cold and darkness — a des- 
tiny inevitable to worlds that move. Schiller sings, in his -"^troilH 
of <ireec<»: " 

Sure as the pendulum's dead beat, 
M«Te slaves tr) irravity and heat. 

The theme w:is a congenial onv, and the author revelled amou^ 



the scenes which his pen was portraying, indulging to the full that 
highest of all the faculties, a scientific imagination, whose exist, 
ence and activity were indicated bv the dream v, far-off look not 
infrequently to be seen in his eyes. The feelings that the subject 
stirred within him may be seen in the following passage: — 

•• The firmament is careering in infinite space. Our homes are 
rolled along at seven hundred miles an hour, and are transported 
sixty-eight thousand miles in a day by the revolution of the earth 
in her orbit. The sun with his entire famil}^ is sweeping through 
immensity with a possible velocity of two hundred thousand 
miles an hour. And there must be some common motion of the 
whole inextricable niiize of moving stars with a velocity to which 
fancy nuiy assign what rate she pleases without restraint from 
science. This mighty waltz of cosmic dancers is joined by the 
trauzv nebula?, animated as our own firmament bv their own inter- 
nal motions. In the midst of this universe of seething move- 
ments is our appointed home. The mind uplifted in the effort to 
<»onlemplate them and grasp their method grows giddy and impo- 
tent. How sublime these activities. To what a numerous and 
lofty companionship does our little planet belong. Hard it seems 
to V)e imprisoned here while the realm of a universe tempts us to 
its exploration. How can human souls content themselves to 
roll and whirl through space during their mortal days and eat and 
.sleep and trifle, like rats in a ship at sen, without wondering 
where we are and whither we are Ijound."* 

It will scarcely surprise any one to learn that a man so much 
in advance of his time, whose concei)tions of nature were so far 
ahead of those that then prevailed and to a less degree prevail 
still, shouhl l>ecome the victim of suspicion and [)ersecution. 
This '*deadl3' original sin of the Reformed Churches, ' as Hallam 
has termed it, has not yet been reformed out of existence. It 
lingei*s still, and sometimes manifests in one way or another all 
its ohl strength and bitterness, as many of the leaders of science 
oan from their own experience testify. Those who venture to 
iloubt what the majority believe, or to believe what the majority 
doubt, must prepare themselves to stand almost alone — the posi- 
tion of the advanced guard everywhere and always. They must 
find what comfort they can in the thought that in tlu^ long run the 
majority are usually wrong, and that the right is always at fii-st 

♦Slightly condensed from "World Life.'' 
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with •the iniiKiritv. True tlmt huinaii life is oftexi too short U>^' 
tjik(» in the long run, but in tho pivsont I'lise we rejoice to know 
tliat <Mir ]>roth<»r geologist lived to stv much of his work accepted, 
and to realize that the untiiinking many are coming ou rapidly ta '\ 
acknowledge the rightness. or at all ev(Mits the rights of the £ar- 
siH'ing few. 

We need not repeat h«M*e the details. Such animositicH are bet- 
ter huricd in th<* limlK) of ohlivion as s<N)n as iK>8Hib1c. but all 
who havi^ followed or are familiar with the life of Alexander 
AVinchell. will recall, hy the referen<'Os already given to his per- 
sonal life, the events to which we refer. We conclude with a re- 
newed exi)ression of our n^gret that l»y his death American geol- 
ogy has lost on(> of her foremost stuthMits and exponents, and 
that philosophical g(»oh»gy. the world over, has lost one of the 
few who cond)ine the various faculties and attainments iV4|uisite 
for the successful |)rosecution of this exalted study. 
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JOHN FRANCIS WILLIAMS.* 

By J. F. Kemp, Columbia Collej^e, New York. 

The name of Dr. John Francis Williams will always be asso- 

ft- 

oiated in American geology with those of Newton, Irving and 
Lewis. His life, like their lives, was one of brilliant achieve- 
ment, of great future promise and of sad untimel}- termination. 
Although his accomplished results were great, yet coming as they 
did, early in life, his friends could but regard them as indicative 
of the future, and there is thus together with grief for his loss, 
the regret that so man}^ i)ossibilities are nullified. 

Dr. Williams was born October 25, 1862, at Salem, the county 
Hoiii of W^ashington Co., N. Y., situated about forty miles north- 
east of Troy. He was the only son of John Martin and Frances 
A. (Sliriver) Williams, who with his one sister survive him. His 
Innhood was passed at the beautiful family home, until at twelvi^ 
years he was placed in St. Paul's School, Concord, N. H. Leav- 
ing this in 1880 he entered the Rensselaer Polytechnic Institute 
at Troy. He completed the studies of the course in Civil Engi- 
neering, and graduated in LS8:5, with the degree of C. K. Like 
many geologists he began thus his scientific work in the engineer- 
ing school, but found his tastes inclining irresistibly to pure as 
contrasted with applied science. During August, 1 Ss:j, he was 
assistant engineer for the Albany, Kutland and (Jranville R. K., 

♦This memorial was originally prepared for the Geologist, but at the 
request of the secretary' of the Geological Society of America, it was 
read at the Columbus meeting, December 20, 189L 
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but in the full following he became asslHtant in chemistry and 
natural science at his alma mater. He was brought especially 
under the influence of his teacher and warm personal friend, 
Prof. Henr}' B. Nason, whose influence was largely instrumental 
in shaping his subsequent career. During this period he made 
the tests of slates from the region alx)ut his home, whose pub- 
lished results are subsequently cited. In 1885 the Polytechnic 
Institute conferred on him the additional degree of B. S. 

During the summer of 1H84, he traveled in northern Kurope, 
visiting the North Cape and the mines of Sweden and Norway. 
In the autumn, acting on the advice of professor Nason he matri- 
culated at the university of (liUtingen, and became one in a long 
and honorable list of American scientific men who have received 
their preparation at this famous seat of learning. While at 
( rr>ttingen his work lay especially in mineralogy and petrography 
under the guidance of i)rofessor (^arl Klein, now of Berlin, and 
in chemistry under professor Victor Meyer. 

\\\ the spring of 18S5 he traveled through Italy and Sicily with 
professor Klein, and later was assigned the subject of his thesis 
in one of the extinct volcanoes of the former land. Through 
l)rofessor Klein. Dr. Williams (;ame to know personally professor 
Rosenbusch of Heidelberg, to whose kind advice he was after- 
wards indel)te(l in his American work. During the Italian trip 
n^ferred to above, professor Klein had been given some specimens 
of igneous rock from Monte Amiata, an extinct volcanic pile that 
rises near the classic lake Trasimenus and forms the highest peak 
in Tuscany. They i)roved of such interest that they were en- 
trusted to l>r. AVilliams, as suggestive for his thesis. With char- 
acteristic energy and tliorougluK^ss he proceeded to the region in 
1885, and accompanied by a Swiss helper and a local Italian 
guide, he spent several weeks on the mountain, either camping or 
lodging in the little country inns. After his return to Gottingen 
lit* anticipated taking his doctorate in the summer of 1886, but 
the siulden call of professor Klein to Berlin, necessitated holding 
the examinations In the spring. Tie received his degree magma 
cum laude. His thesis was afterward published in the Neues 
Jahrhiicli, and gained great praise in America as well as abroad. 
The pai)er is accompanied by four partial and twenty -two com. 
plete analyses of rocks, and by an elaborate map and three pano- 
ramic views. Its special interest lies in this. It traces the differ- 
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dices in rock typc8 throughout one great, single, eruptive mass, 
which is shown in its central part to be a trachyte containing 
hypersthene and hibradorite, i^ut which passes toward the borders, 
at times into liparite, at times into andesite. 

Professor Klein de^sired Williams to go to Berlin, become his 
assistant, and continue his career in Germany. For a time in 
188<> the offer was accepted, but finall}' Dr. Williams returned to 
his home, and in 1887 became director of the technical museum 
of the Pratt institute in Brooklyn. The duties consisted in arrang- 
ing and caring for very excellent collections of minerals and rocks, 
but the desire for wider opportunities for scientific investigation 
led him in 188 J) to become honorary fellow at Clark Universit}', 
Worcester. While in this relation he received overtures from 
]>rofessor J. C. Branner, direcUjr of the geological survey of Ark- 
ansas to describe the igneous I'ocks of the state. Dr. Williams 
secured leave of absence from Clark and entered on his Arkansas 
work as a volunteer, without salary, in October, 1889. Tn the 
summer of 1 890 he was made honorary docent at Clark. This 
title, like his previous one, carried no salary with it, and mereh' 
afforded him a work room and headquarters,, which, however, were 
soon transferred to Little Rock. Evidently his relations with the 
University were not regarded as anything very serious, for no 
mention of them apjiears in his final report. 

Dr. Williams found a wealth of interesting material in Ark- 
ansas, and as the result of his collecting he published in 1890 
the papers on Manganopectolite and Eudialyte cited below. In 
the fall of 1890 he returned to Arkansas and completed his work, 
remaining, with one or two trips east, until the summer of 1891. 
He had meantime accumulated the materials for his final and 
greatest work, Volume II. of the Annual Report of the Geologi- 
cal survey for 1890, and entitled the Igneous Rocks of Arkansas. 
The volume, which was distributed in December, contains 432 
pages, 391 of which are by Dr. Williams alone. They give an 
accurate and exhaustive petrographic description of the syenites, 
elaeolite-svenites, leucite-syenites, the variations of all three, and 
describes the bjisic dikes which pierce them. Perhaps the great- 
est interest lies in the identification of leucite in these rocks, and 
in i*stablishing (^retaceous leucite-syenites as a new variet}^ espec- 
ially as leucite has hitherto been considered to be limited to the 
later volcanic rocks. The report is accompanied by beautifully 
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execuliHl toiK>graphie maps and by man}' illustrations. Much of 
its success was made jxjssible by the conlial support given Dr. 
Williams by professor Branner, but it bears on eveiy page tlie 
marks of tireless and painstaking scholarship. Pn)fessor Branner 
Innirs witness in the preface to the enthusitism and energy with 
which Dr. Williams carried it through, and the writer of this 
memorial, who was also associated in some minor [Kjrtions of the 
work, can truthfully tt^tify to the consuming interest which ani- 
mated him. Dr. Williams had b(»en appointed assistant geologist 
on the survey in ISIU, and in this capacity his name ap|>ears in 
the report, hi IS!)], in connection with Dr. R. X. Brackett. he, 
carrie<l on investigations in certain minerals of the kaolin group, 
which appeared in the Amer. Jour, of Science in July last. 

In June. ISlU. tli<» position of assistant pro fes.sor of geology* 
and minerolojrv b(»canie vacant at Cornell T'niversitv, and Dr. 
Williams receiv(»d the call. He accepted, and after making the 
western (excursion of the (ieological Congress, attempted to take 
up his duties. But weakness and disease were already laying a 
heavy grasp on him. A severe attack of the so-callei! grrip in 
March last had sapi^^J his strength, and ill-advised methods of 
work had aggravated its results. Dr. Williams worked well but 
not wisely, and i)rotracted his labors till two and three in the 
morning — such habits are specially injurious in the climate of 
Arkjinsas — aii<l at last retluced him to the shadow of himself. 
The tax up<ui hini was loo severe and his constitution finally gave 
wav. Paralvsis attacked him and after an illness of about two 
weeks he i)as.sed away on the Dth of XovemlKT. l>eing just 
twentv-ninc vrars of aire. 

It has never been the lot of the writer to know intimately a more 
g<'nerous, frank and lovcable man than J. Francis Williams, and it 
is impossible to si)eak of him wilhiTut feeling the deepi*st emotion. 
His clhiracter was such as to indescribablv endear him to his 
friends and his abilities and preparation for his work were of the 
highest order. His results were such as to secure for him in 
all the future on«' of the most honorable i)laces in the rcK*ords of 
Amercaii ueoloj^ical science. 
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THE PRE-CRETACEOUS AGE OF THE METAMOR- 
PHIC ROCKS OF THE CALIFORNIA COAST 

RANGES. 

By Hauoi.I) \V. Faiiibankh, B. S., of San Diego, Ciil. 

While engaged \\\ym the State Geological Survey, during the 
past Hummer, I was called on to make an examination of Shasta 
and Trinit}' counties. At the close of this work, the main range 
of the coast mountains was followed southward through Tehama, 
(^olusa, Lake and Xapa counties, nearly to Martinez. 

The results o})tained, while of a most interesting nature, differ 
so radically from those of former investigators in this field, that 
though I am satisfied that the}' are, in the main, correct, yet I 
f(H?l some diffidence in proposing them on account of the opposite 
views held by so many well known geologists. 

If my views are correct it seems very remai'kable that such 
serious mistakes should have been entertained with regard to the 
(^oast Range gcolog}', not only by the former state survey, but 
also by most of the other students in this field up to the present 
time; and it is apparent that, from the earliest beginnings of 
geological work in this state, the relation between the metamor- 
phosed and unmetamorphosed rocks of the ranges near the coast, 
from San Diego to Del Norte counties, has been entirely misun- 
<kTstood. 

The views which 1 hold, based almost entirely upon field study 
in t\w region in question, and which I can substantiate by actual 
occurrences, are the following: 

1 . The impossibility, from a physical standpoint, of drawing 
the line between the Coast Ranges and the Sierra Nevada. 
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2. The motiimorphie rocks of the Coast Ranges are pre-Cre- 
taceous. 

v5. The Coast Itanges and Sierras are a unit as regards time of 
the main upheaval and metamorphism. 

4. The upheaval and metamorphism of the Coast Rauges as well 
as Sierras is pre- Cretaceous, and consequently the slates of the 
gold belt cannot be considered Cretaceous. 

T). The presence of pre-CretaciH)us eruptives in the metamor- 
phics of the Coast Ranges. 

<). The serpentine is an altered eruptive and post-Neocomian 
( Knox vi lie). 

7. No great non -conformity exists between the Knoxville and 
CUiico beds. 

The Coast Riinge system of mountains consists of a series of 
parallel ranges having an average width of seventy miles and a 
length of over four hundred. These (»xtend parallel to the Sierra 
Nevadas and are separated from them by the Sacramento and 
San Joaquin valleys. At the opposite ends of these valleys 
the two systems of ranges unite, in Shasta county on the north 
and in Kern county on the south. 

The Sierras consist in general terms, of a core of granite 
flanked, particularly on the west, by a great width of metamor- 
phic rocks, consisting of slate and crystalline schists. Granite 
occurs also through the Coast Ranges, but usually in small areas, 
not arranged along one regular line of upheaval. The metamorphic 
rocks of the Coast Ranges, though including a large amount of 
slate, mica, and hornblende schists, are distinguished particularly 
by a silicious character. Sandstone, jasper, green quartzose 
schist, and banded flinty rocks are abundant, and are character- 
ized, over larg(» areas, by a wavy structure in the thin bedded 
varieties, and a secondary silicification in which the rock has been 
filled with a network of minute quartz veins. 

Cnmetamorphosed strata of undoubted (h'etaceous and Ter- 
tiary ages, occur on the flanks of the metamorphic rocks, becom- 
ing particularly prominent through the middle Coast Ranges. 

It was my puqiose to determine, if possible, from a lithological 
and stratigraphical standpoint, the relation of the metamorphic 
rocks of Shasta county (the age of a portion of which was 
known, and believed to represent the northern extension of the 
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Sierra Nevadas) to the raetamorphie rocks of the Coast Ranges of 
uncertain age, but suspected to be older than Neocomian. 

To facilitate a thorough understanding of the subject it is 
necessary to quote briefly from the publislied views of the earlier 
workers in California geology, what has been understood b}' the 
term *«Coast Ranges," and the difficulty in drawing a line be- 
tween these ranges and the Sierra Nevadas. Prof. Whitney says : 
^*W6 consider all those chains or ranges of mountains to belong 
to the Coast Range, which have been uplifted since the deposition 
of the Cretaceous formation; those, on the other hand, which 
were elevated before the epoch of the Cretaceous are conceived as 
l>elonging to the Sierra Nevada."* Prof. Whitney's views in 
Auriferous Gravels, published a number of years after the termi- 
nation of the old Geological Survey, onl}' make more emphatic his 
earlier declarations. He says: *-The most striking fact with re- 
gard to the Coiist Ranges is, that this very extensive group of 
mountain chains is of comparatively very recent geological age. 
It is made up of Cretaceous and Tertiary strata with no rocks 
older than these showing themselves in any portion of the com- 
plicated series of elevations which are properly included under 
the al)ove designation.''! Again we find the following: ''North 
of parallel thirty-nine, as far as the Klamath river, there is much 
monotony in the structure of the Coast Ranges. The rocks are 
almost exclusively Cretaceous and often very much metamor- 
phosed ; jasper, serpentine, and even mica slate occurring in large 
quantities, and in the most irregular manner. '"+ To show the 
impossibility of drawing the line between the Sierras and Coast 
Ranges on structural grounds, the following will answer: "The 
lower part of the Trinity and Klamath rivers seems to form the 
boundary between the Coast Ranges proper and that portion of 
the coast mountains which appear to belong litho logically to the 
Sierras. * * To an observer on any one of these peaks (gran- 
ite mountains in western Sha.sta county), and commanding a wide 
view over the region, there seems to ])e no physical break between 
the Coast Ranges and the Sierra. Scotts, the Klamath and 
Siskiyou ranges of mountains seem to represent the summit con- 
tinuation of the Sierra proper, and the Trinit}* mountains run into 
these from the south and from the Coast Riinges proper, without 

♦Geological Survey of Cal. Vol. I, p. 107. 
tAuriferous Gravels, p. 10. JAuriferous Gravels, p. 2:{. 
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its being posHii)lo at any one iK)int to say, here tlie Coast Ran^^es 
end and the Sierras l)ogin."* 

Dr. (r. F. Becker, of the U. S. (reological Survey, follows 
Prof. Whitney in chissifyinor the metamorphic rocks of the Coant 
Ranges ns (Vetaeeous. In his monograph on the Quicksilver 
Deposits are many statements to this effect. The only exception 
he makes is that of the (ilavihin range, t In addition he does not 
deny that oUU»r rocks may exist in other parts of the Coast 
Range, and iiave und(M*goni^ a second metamorphism at the time of 
the upheaval of tiie Cretaceous.! Again he says, *-No fossils 
older than the Knox vi lie group are known to occur in the Coast 
Ranges, and no known fact suggests the existence of older rocks, 
except the character of tii(» limestone and gneissoid rocks of the 
Uavilan range. "^ In the summary he says, **Atthe close of the 
Neocomian an upheuvnl took place with extraordinary violence, 
folding and crushing the rooks, and producing the first ranges 
along the coast of (\alifornia of which any record remains.*' 

As a residt of his studv in the Lassen's Peak district, J. S. 
Diller would place the dividing line between the Coast Ranges 
and Sierras in a d(»i)ression of the Auriferous series, betw^een Pitt 
river and the North Fork of Feather river. || 

Many other geologists of prominence have undertaken investi- 
gations in the Coast Ranges, but there seems to have been no pro- 
test ina(U» against the generally accepted classification of the 

metamorphic rocks. 

No attempts to get at the true i)osition of these rocks from 

their stratigraphical relation seems to have ])een made, though 
the meririuir of the Coast Kanges into the Sierras at lK)th ends 
gives the best opportunity for such an investigation. 

No fossils have been found in rocks which 1 recognize as be- 
longing to till' nietaniorphic series. An Inoceramus found in the 
sandstones on Alcatraz island was claimed by Prof. Whitney as 
certain proof of tin* Cri'laceous age of the nu'tamorphic rocks 
forming the San Francisco peninsula, on account of lithological 
similarity. This I consider no proof as I have seen the pre- 
Cretaceous rocks in several localities exhibiting s<» little meta- 

* Auriferous (1 ravels, p. vJ4. 
+(460101:7 of the (Quicksilver Depohits, j). isi. 
Jlieology of the (Quicksilver I)e]K)sits, p. 187. 
J^(4eology of the (Quicksilver Deposits, p. l^M. 
(4eoloirv r)f Lassen's Peak District. 
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morphisni, that, aside from their stratigraphical relation it would 
l)o almost impossible to separate them from the Cretaceous. 

A series of statements which may seem to carry weight are 
summed up l)y Dr. Becker.* These are based on the occurrence 
•of the fossil Aucella which at present seems to be considered 
indicative of the lower Cretaceous. It is distributed quite gen- 
erally through the shale and calcareous strata which are seldom 
metamorphosed to any degree. The occurrences mentioned by 
31 r. Becker as observed by himself and his assistants, and also 
by Mr. Gobb, are, as far as my observation has gone, invariably 
•confined to what T consider, from a stratigraphical standpoint 
ulone, as belonging to the Cretaceous, to say nothing of the 
lithological characters of the two formations; characters which 
are constant over great areas and widely distinct from each other. 
Besides this there is an abrupt transition from unaltered shale to 
the metamorphics. Prof. Whitney noticed this in many places 
•On the theor}' of regional met^imorphism, is it likely or even 
possible that such a sharply defined line could exist if both were 
^concerned in the same upheaval and consequent metamorphism? 
It seems to me that we can come to no other conclusion but that 
the Cretaceous age assigned to the metamorphic rocks of the 
»Coast Ranges is merely assumed and not proved. The finding of 
Aucella in the unaltered shales near the metamorphics is no pix)of 
of the C^retaceous age of the latter. 

My work in Shasta county developed the fact that in addition 
.to the fossiliferous limestone of Carboniferous age first reported 
by Dr. Trask and tliose descril)ed lately by J. S. Diller, there are 
several others rich in fossils. The most interesting discovery, 
however, was that of the existence of fossils in three different 
localities in the Auriferous series and on both sides of the lime- 
stone areas. These occur in slatv rooks conformable with the lime- 
stones and in pail Carl)oniferous. No non-con formit}' between 
any of the metamorphic rocks was observed in the count}', and I 
see no reason for doubting that the upheaval of all the meta- 
morphic rocks took place at the same time. At the time of this 
upheaval an extrusion of granite took place along the line be 
.tween Trinity and Shasta counties, forming the Trinity mountains. 
That this granite is more recent than th(» Auriferous series is 
proved conclusively not only by the metamorphism induced in the 

♦Bull. U. S. Geological Survey, No. xix, p. 9. 
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adjoining slates, but also l)y the complex series of granitic jwr- 
phyr}- dikes extending into them often for several miles. 

In the southwestern part of Shasta county at Horsetown and on 
the Cottonwood creek occur the most northerly outcrops of the- 
Horsetown beds, the upper division of the Shasta group. The 
lower division of this group, the Knoxville, or Neocomian, is 
that which has l>een confounded with the metamorphics. The- 
Horsetown l)eds are totally unaltered and but slightly disturbed. 
dipping eastward from Id^-^.j®. They rest unconformably on* 
granite and the metamor]jhic rocks. 

The granite mass of the Trinity mountains terminateft abruptl}* 
on the south, being cut off by a liody of massive serpentine* 
which forms the summit of Bully Choop; one of the highest 
peaks of the Coast Kangc. J)irectly south of the serpentine,, 
along the crest of the range, we encounter green talcose and' 
chloritic schists in which the silicification, characteristic of the 
Coast Kange metamorphics, is well developed. The schists are 
somewhat crumpled with the appearance of minute veins and 
bunches of (quartz which follow the cleavage planes in an irregu- 
lar manner. These rocks are penetrated for several miles bj' 
porphyritic <likes, evidently offshoots of the granite on the- 
north. This is positive proof that their period of upheaval' 
dates back to the extrusion of the granitc\ These schists, 
extend southwest along the summit into Tehama count}*. 
To the west and north in Trinity county there is a repetition of 
rocks somewhat similar but more quartzose. On the eastern* 
slope are argillaceous schists, ([uartzites, and small areas of* 
limestone, overlaid in i)laces to a hight of twenty-five hundred 
feet In' shales, sandstones, and conglomerates of the Horsetown 
period. 

As the range is folio we'd south along the western Ijorder of 
Tehama (rountv it is found to maintain an elevation of over five- 
thousand feet, while silification becomes more and more a char- 
acteristic of the nietamorphism. Ked jasper, a remarkabl}' wide- 
spread rock in the Coast Kanges. was obserA'cd first in southeastern 
Trinitv county. 

The unaltered shales an<l sandstones of the Shasta group l>e- 
come very prominent in Tt^hama county: having a width of over 
twelve miles. They dip eastward at an angle of from 80**-45**^ 
sometimes becoming nearly vertical nc^ar their western lx)undary. 
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Near tlie Cold Fork of the Cottonwood and about two miles from 
the metamorphies, the first specimen of Aucella was observed. 
The strata here dip nearly vertical and are greatly broken. The 
rocks against which they rest consist of quartzites, crystalline 
limestone with poorly preserved fossils, thin cleavable shales, 
highl}' metamorphosed, green talcose schists changing to contorted 
and silicified green schists on Tom's Head and westward to the 
North Yallo Bally where they are gnarled and knotted in the 
highest degree. 

On Elder creek the Aucella is found in abundance together 
with other lower Cretaceous species, but the contact with the 
metamorphic series is not to be observed on account of a great 
mass of serpentine. Mr. J. S. Diller, who has investigated this 
region carefully, has proved that both divisions of the Shasta 
group are represented on Elder creek ; the lower, the Knoxville, 
having a thickness of nineteen thousand nine hundred feet, while 
the upper or Horsetown is represented by six thousand one hun- 
dred feet of shale and sandstone. These two beds were demon- 
strated to be continuous from top to bottom without physical 
break.* This accords with the latest views of Dr. Becker, who 
found a commingling of the faunas of these two divisions at 
Riddles, Oregon.! Mr. Becker had previously announced that 
the great upheaval of the Coast Ranges took place at the close of 
the Knoxville. X The conformity shown to exist between the two 
divisions of the Shasta group is in perfect accord with my own 
obser>'ations. A very important fact results from these conchi- 
sions; since the Horsetown and Knoxville beds are conformable, 
and the upper, or Horsetown, rests unconformably on the meta- 
morphic series in Shasta county, a fact acknowledged by all ob- 
servers, then the lower or Knoxville, when present, must also 
rest unconformably on the metamorphic series, if it can be proved 
that these metamorphics are continuous with those of Shasta 
county. After a most careful tracing of the older rocks of 
Shasta county southward, I find it utterly impossible to draw a 
line of demarkation between them and the metamorphics of either 
Tehama, Colusa, Lake or Napa counties. There is no physical 
break. 



♦Bull. Geological Society of America, Vol. II, p. 207. 
tBull. Geological Society of America, Vol. II, p. 203. 
JQeology of the Quicksilver Deposits, p. 460. 
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The line of contact between the Cretaceous and the older rocks 
has been particuhirly favorable for the intrimion of the periditi- 
tic rock from whicli the serpentine has l)een derived, and this to- 
gether with a general covering of the rocks with soil makes it 
hard to find good exj)osures. The best contact observed was on 
Elk creek in Colusa county ; here the soft black shales rest di- 
rectly against the green silicified schists. A few hundred feet 
distant the shales have a dip of 40° to the east; as the contact is 
approached they dip more and more, finally becoming somewhat 
broken and reversed, while for several feet adjoining the schists 
they are crushed to a clay(\v mass. The change to the vertical 
green schists is abrupt. Toward the crest of the mouutaiu fiive 
miles away they become more silicified. Black slate and horn- 
blende schists are also to be observed in places. The clay at the 
contact has been formed by an upward movement of the meta- 
morphic ridge, a condition noticed at several points farther soath, 
and whicrh, to a c(»rtain degree obscure^s the non -conformity. 
This is undoubtedly th(» reason for the apparent conformity be- 
tween the Aucella bearing strata and the metamorphics of Mount 
Diablo, mentioned by Mr. Hecker as a proof of the unity of the 
two formations.* 

About the lu^ailwaters of Stony creek the CretactH>us is separ- 
ated from tlie metaniori)hi('s by large areas of scr|)entiue, and 
ancient p()ri)hyriti<' rocks in part amygdaloidal. Snow Mt. 
consists of jasper, silicious schists aiul hard sandstones. Along 
the ridge southward Ijctween Lake and (N)lusa countie« glanco- 
phane .schists appear. Black slate beconu»s more abundant and 
is particularly well exposed on the North Fork of Cache creek, 
where it splits into large slabs when not too much cnished. 

The eastern boundary of tlie nietamorphic rocks follows a di- 
rection a little east of south, passing about three miles east of 
Lower lake, through the western edge of Pope valley, and then 
beconu's covertMl with volcanic material so that it can be traced no 
farther. Two outlying areas are to be found to the east of this 
line. One forms a ridge near the head of Suli)hur creek, Colusa 
county and consists of sandstone, schists and jasper, with dikes 
of old eruptives. From this ridge the aucella bearing strata dip 
in opposite directions. The other is of much greater extent, 
forming a liigli range west of Heyressa valley, with a length of 

+r;<'()l()gy of the (^uicksilvor Depoiitn, p. 184. 



iihout twenty miles. Capel creek cuts through the southern end 
of this ridge, and though in place the metamorphism is not great, 
yet the distinction from the Cretaceous is easily discernible. 
Cretaceous shales carrying Aucella outcrop on the west, l)ut are 
separated by a dike of serpentine. On the east the shales rest 
directly against a lK)dy of dioritic rock, similar in appearance to 
numerous dikes with which the metamorphic ridge is filled. 

On James crcKik, north of the ^ICtna mines an exceedingly in- 
teresting section is exposed. For two miles the creek has cut 
through slates, mica and hornblende schists, and ancient intru- 
sive rocks. At the mouth of the canon the hornblende schists 
are followed by a dike of serpentine three hundred feet wide. 
From this there is an abrupt change to the unaltered but upturned 
and broken shales of the Knoxville beds. In these shales a mile 
eastward on Pope creek Aucella is found. 

AlK)ut three miles east of Lower lake near the Knoxville road, 
massive sandstones considerabl}' altered outcrop on the western 
bank of a little creek. The eastern bank about twelve feet awav 
is formed of Aucella bearing shales and calcareous strata entirely 
unmetamoq)hosed and dipping eastward al^out thirty degrees. 
Unfortunately the actual contact is hidden by a slide of l)Oulders 
from above. 

These examples are sufficient to show that there exists in the 
Coast Kanges of California a series of rocks for the most part 
greatly metamorphosed and separated from the lowest Cretaceous 
not only lithologically but also by a great non-conformity. 

No regional metamorphism is anywhere apparent in the Cre- 
tacc*ous rocks : whatever the nature of the disturbance to which 
they have been su])jected, it was not of a metamorphosing char- 
acter. In several instances, as at Sulphur creek and Knoxville, 
an alteration has taken place, but solely through thermal action. 

In places the older rocks are so little altered as to be easily 
cf)nfounded with the Cretaceous, and close examination and fa- 
miliarity with the regional characteristics are necessary to dis- 
tinguish them. The Aucella is a widely distributed fossil through 
the Lower Cretaceous, and is it not likelv that it would have been 
found in some portion of the slighth* altered metamorphics if 
they really belong to the Cretacepus? 

The exact age of the metamorphic rocks as yet renuiins un- 
known. They are probably not older than the C^irboniferous. and 
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iniisi liiive been concerned in the upheaval of rocks of that age 
In Sha.sta county. Portions of tlie nietamorphic rocks of the 
<_^oast Rang(» bear the closest resemblance to those of the gold 
belt of the Sierras, which were considered by Prof. Whitney to 
be not younger than tlie Jurassic. Dr. Becker has affirmed that 
the gold bearing rocks of the Sierras are in part Neoeomian on 
ijccount of the presence of a species of Aucella indistinguishable 
from one found in the Coast Ranges.* He reaches the conclu- 
i^ion that the Knoxville and Mariposa beds are of the same age,t 
including of c<)ui*se the nietamorphic rocks of the Coast Range 
in the Knoxville. In speaking of the Coast Ranges as members 
of tlie western Cordillera system he saj's, <'The earliest determin- 
able |>ortion of the Cojust Ranges must therefore be considered as 
<lue to the same disturbance which added the gold Ijelt proper to 
the Sierra Nevada."! And again an important uplift of the 
Sierrn Nevada was contemporaneous with the first known up- 
heaval of the Coast Ranges.^ 

Laying asi<le the conclusion reached by Dr. Becker concerning 
tlu' occurrence of the Aucella in the Sierra Nevada, I fully agree 
with him in regard to the simultaiuHuis upheaval of the two series 
of ranges, and that they belong to the same mountain system, and 
finally, that what(»ver can be proved to be true of the metamor- 
phics of the Coast Uanges, with reference to the points under 
(liscnssioii. must also be true of the rocks of which the Mariposa 
bt'ds form a part. 

(1 ranted now a pre -Cretaceous age for the rocks of the Coast 
Hanjres, and their upheaval as contemporaneous with that of the 
Marii)osa beds, we must, as a conse(iuence postulate a pre-Cre- 
taceous age for the Marii)f)sa b(»ds. These beds are an integral 
part of the Sierras and consist largely of black slaU\ I have 
traced them almost continuouslv for a distance of a hundred and 
twenty miles and fouiul them enclosed In a great width of other 
nietamorphic rocks. The upheaval of the whole was aceom- 
pani(Ml by an extrusion of granite well illustrated a few miles 
southwest of Maripo.sa. where the black slates abut against the 

*Geol. of the QuickHilvor Deposits, p. 201. 
•*-Geol. of the Quicksilver Deposits, pp. ID^-lUs. 
JCteol. of the Quicksilver Deposits, p. *211. 
i?(Tool. of tin' (Quicksilver Deposits, p. 21*2. 
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<3rranito and have been metamorphosed b}' it.* Crj'stalline lime- 
stones probably Carl)oniferous are found on both sides of the 
Mariposa beds, and must have been concerned in the same up- 
heaval Northward toward Pence's ranch no physical break has 
been detected. At this place are Carboniferous limestones and 
slates in part of the same age. Carlwniferous limestone is also 
found in the eastern part of Shasta county interbedded with 
slates. From all the evidence at hand I believe it is impossible 
to separate the Mariposa beds from the other metamorphic rocks 
of the Sierras, and consequently their period of upheaval, ad- 
mitted to be the same as the metamorphic rocks of the Coast 
Ranges, is coeval with that of the Carboniferous of Shasta 
county and other parts <jf the SieiTas. 

With regard to the peculiar metamorphism of the Coast Ranges 
it was ceitainly pre-Cretaceous. The formation of a network of 
minute quartz veins, so wide spread, seems to be confined to the 
harder rocks which were broken and crushed in the violent oro- 
graphic movements, while the more argillaceous rocks were re- 
duced, often to a clayey mass impenetrable b}' the silicifying 
agencies. 

The metamorphic series is also distinguished by the presence of 
much intrusive rock which, as far as my observation goes, does 
not appear in the Knoxville. These intrusions are so much de- 
composed that it is difficult to get at their real character. When 
the amygdaloidal structure is absent they closely resemble decom- 
posed sandstone, (lood exposures of them appear north and 
west of Clear lake, in Pope valley, and Capel creek. In the 
Ueology of the Quicksilver Deposits it is stated that no pre-Ter- 
tiary eniptives are to be met with between Clear lake and New 
Idria. 

Serpentine is the most common pre-Tertiary eruptive in the 
Coast Ranges. That it is younger than those just described is 
shown bv the fact that it cuts lx)th the Knoxville and metamor- 

ft 

phic series. It was held by Prof. Whitney and his assistants to 
be an altered silicious or silico-argillaceous rock,t the magnesia 
having been introduced by some process of substitution. Dr. 
Becker follows in nearly the same line and endeavors to prove the 
origin of serpentine through metasomatic processes, either directly 

♦Tenth Annual Report of tho State ftiineralogist, p. 30. 
t Auriferous Gravels, p. ID. 
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from siuulstone or through tlu» internieduito stage of a metamor- 
phic crystal line rock.* Contniry to the foregoing views J. S.. 
Diller speaks of the seriM*ntines of the Coast Ranges, as alterwi 
peridotit^s. t Tliat at leiust a part of tlie California serpentines- 
are altered eruptives seems also to 1k» the opinion of H. W. 
Turner, + W. LingixMi and (\. V. Merrill. 

The general similarity of the serpentines and their strati- 
graphical iK)siti<)n lead me to believe that they are all of the same 
g(H)logical age. and. as a rule, have resultinl from the decay of 
a peridotitic rock. The eruption of the peridotite and its altera- 
tion to serpentine* must have taken place prior to the de|)Osit of 
the Wallala beds, for the jjitter, according to Dr. Becker, contain 
serpentine lK)ulders. 

The seri)entine lKMlie^s of the (\)ast Kange are generally more 
irregular in outline than those of the Sierras, owing to the greater 
amount of crushing which the metamorphics of the former re- 
gion have und(»rgonc, but are always sharply define<l and indis- 
tinguishable in appearance from those of the Sierras, the eruptive 
nature of which T think no one will denv. 

A slight degree of contact metamorphism is often shown. 
This is well illustrated on the road from Leesville to Bartlett's 
Si)rings where some pre-Cretaccous argillites have lKH»n hardened 
and uukIc to nssume :i <lark metiiUic ai)pearance near the eont^ict. 
()n(Jriiidstonc creek. (/oIusm countv, the Kuoxville shales have been 
nu*tamorphosc<l for a <listaiicc of a hundred feet, the Ixnlding ob- 
literated and a noliceabh' hardening induced. Xumen>us other 
instances of this were seen in Tehama and (\)lusa counties. In 
many cases thi' ctTect produced by the serpentine has b(^en ob- 
literated by the movements which have taken place along the 
contact. The presence of the serpentine in dikes and irregular 
bunches in the Kuoxville shales, and the inclusions of the shale 
in the fornu»r are proofs of its intrusion subs(Mjuent to the deiK)si- 
tion of the Kuoxville beds. 

l)r. Becker bases his strongest argunu'uls for the metamorpliie 
origin of serpentine on the Held relations existing alnmt Knox- 
villc. Napa county. The locality is on the eastern edge of one 
of the greatest serpentiui' areas of the Coast Ranges. Along 

*(fO()l. of the (Quicksilver Deposits, p. r^M. 
+Bull. <ieol. Scxriety of Aniericii, Vol. II, p. *,*07. 
*Bull. (iool. Society of America, \'ol. II, p. :J0(). 
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till' crest of the ridge above Knoxville, innumerable bodies of 
mt^tamorphic rock are included in the serpentine, among these are 
slate, hornbleudic, micaceous, and actinolite schists. These are 
iirningeil with their longest diameters parallel, and extend in the 
same direction as the mountain ridge, northwest and southeast. 
In addition there are lenticular lx>dies of diabase, diorite and fine 
grained porphyritic rocks. These crystalline rocks, as a rule, 
have no downward continuation, and like the similarly shaped 
masses of metamorphic rock were probably broken off from deep- 
seated portions, and brought up with the erupting mass. They 
are surrounded by a border one to two inches thick, of a mixture 
of serpentine with the original rock ; a condition resulting from 
a slight penetration by the magma. From all observations it ap- 
pears that the serpentine has been capable of effecting only a 
comparatively slight degree of metamorphism on the adjacent or 
included fragments of sedimentary rock. In all this region no 
transition from the metamorphic rocks to serpentine was obser>'ed. 
Here, as in many other places in the (;oast Range, the serpentine 
is greatly cnished and often reduced to a shaly mass. This ap- 
parent stratification is one reason which led the earlier observei*s 
to olassif}' the rock as metamorphic. Discarding the ideii of a 
sedinientar}' origin, to my mind, it is due not so much to move- 
ments in the rock produced by the hydration as to dynamical 
action, which has l)een so pronounced in the Coast Ranges as to 
reduce argillaceous rocks to clay and sandstones to a crumbling 
mass, over stretches of considerable extent. 

No important non-conformity between the Shasta group and the 
(•hico could be made out, though there is no doubt al>out the 
Chico resting unconformably on the metamorphic series. J. S. 
Diller says that on Elder creek, Tehama county, no physical break 
eould be made out l)etween the Knoxville and the Chico.* H. 
W. Turner figures and descril)es the Knoxville and Chico beds of 
Mt. Diablo as conformable.! Neither was any non -conformity 
l>otween these beds found by l^of. Whitney. 

From the foregoing illustrations coupled with my own observa- 
tions, I think we can safely say that no important non-conform- 
ity exists in the Cretaceous, and that it is utterly impossible that 
the great upheaval of the Coast Ranges could have taken place at 

*Bull. Geol. Society of America, Vol. II, p. 207. 
+Bull. Geol. Society of America, Vol. 11, p. 400. 
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the close of the (rault. or Shasta period, as Dr. Becker lias lately 
allirmed.* A small unconformity undoul)t«dly exists, due in 
part to the eruption of the serpentine, and in part to an uplift 
accompany iuji it. The extrusion of such an immense l>ody of 
igneous rock as that near Knoxville, ranging from three to five miles 
in width, and twenty miles long, must have pushed ]>ack and 
tilted the Knoxville shales to a considerable extent. 

I see no other way but to return to the views of Prof. Whit- 
ney with regard to the gold bolt of the Sierras, that is. to a 
j>ost-Jurassic ujiheaval. This ui)heaval accompanied by granite 
and affecting the region of lM>th sysU*ms of mountain ranges 
simultaneously, gave rise at least to the Coast Range with its 
series of metaniorphic rocks. 

Concerning the (»vidence of the fossil Aucella. since standard 
authorities dltfer in regard to its exact time range, I see no reason 
why it might not have existed during the Jurassic in the Sierra 
region, and, since its geographic range is of great extent, have 
returned again to regions where favorable conditions existed 
after the great upheaval which separated the metamoq)hic rocks 
of l)oth the Sierras and Coast Ranges from the lowest Cretaceous. 



RELATIVE ABUNDANCE OF GOLD IN DIFFERENT 

GEOLOGICAL FORMATIONS. 

W. r. Bi.AKK. ShuUHburK, Wih. 

In the iiiteresliiijr notice of the "Universalitv of (rohl" hv 
Dr. Everelt(» in the November Issue of the A.merican Grolooist, 
page I5!>1, he says: "Therefore gold may )k' sought for in every 
geological horizon, and has thus been found in more or less pay- 
ing (iuantitic»s from the very earliest rocks up to the rt*cent allu- 
vial and drift formations,'* a statement which may l>e accepted as 
correct, but he proceeds to state: — 

''However, in tlio.sc veins of (piailz which are found in the 
Cambrian an<l Lower Silurian strata, gold in the metallic state in- 
t(M-mixed amongst the quartz is found in far greaU»r commercial 
(|uantity than in any other of the preceding or .sulmecpient geo- 
logical horizons. Wherever gold has been found in very large 
tjuantity in either vein or plact'r form, it has V»een found to be 

♦Bull. (ieol. Society of America, Vol. II. p. 2()«. 
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either in a Cambro-Silurian series of slaty rocks ami quartz or 
else has resulted from the immediate decomposition of those 
rocks." 

This last generalized statement would have passed unchal- 
lenged, and would have been general 1}' accepted in the days of 
Sir Roderick Murchison, who came to regard the occurrence of 
gold as evidence of Silurian rocks, and conversely, the discovert' 
of Silurian rocks, as for example in Australia, as indicative of 
the occurrence of gold, but to-day, after the experience in Cali- 
fornia, the generalization is not justified by the facts. 

The age of the chief gold-bearing slates of the central gold 
region of California, where gohl was mined in greater (piantity 
than ever before, was for a long time in doubt. The dogma of 
the Lower Palaeozoic age of most of the gold rocks of the world, 
predis{)osed observers to regard the auriferous slates as Falajozoic. 
But al)out the 3*car 18(54, I had the good fortune to find Mesozoic 
fossils in the midst of these slates, and thus removed all doubt 
of their true horizon. These fossils were Ammonifctt in the slates 
of Placer county near Colfax; Belnntntm and Jurassic bivalves 
in similar slates on the Mariposa estate, Mariposa county, and 
contiguous to the great gold (juartz vein known as the Mother 
vein of California. Thus the Secondary age of the chief gold 
l)earing slates of California was establishe<l. 

It is in this great belt of Jurasso-Triassic, and perhaps in part 
Lower Cretaceous strata, lying enfolded in the western flanks of 
the great mountain mass of the Sierra Nevada, we find the strongest, 
richest, and the most productive gold quartz mines and placer de- 
posits of California. The Mother vein at Carson hill, in (^ila- 
veras county, has yielded some of the heaviest masses of gold 
ever taken from veins. Further, one of the deepest gold mines of 
the world is in the midst of the same great belt of Mesozoic slates. 

The occurrence of gold in California is, however, not confine<l 
to any one geological horizon. It is found in close contiguity to 
limestone of Carljoniferous age, as early shown by Dr. Trask, and 
no doubjt in the older rocks of the Sierra Nevada lying parallel 
with the chief auriferous deposits. Thus at Hite's cove, some 
miles west of the locality of the Jura-Trias fossils of Mariposa, 
there is an important gold-bearing vein near a stratum of lime- 
stone in which I have found encrinal stems, and which is no 
doubt Upper Palteozoic. But these older strata in California have 
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never yielded gold so generally and in such profusion as the newer 
l)eds further west of them. 1 would not, however, be under- 
stood as ehiimiug that the Mesozoic formations, even in Califor- 
nia, give as a rule richer mines than any other formation. So 
far as the evidence goes, for that region, such a generalization 
might be accepted, but we know far too little of the laws of the 
formation and distribution of the noble metals to make an}' rigid 
discrimination in favor of one geological horizon over an}' other. 
Some of the most valuable gold mines do not occur in stratiform 
rocks. The celebrated veins of (Jrass valley, California, which 
have been worked continuously for over forty years are in crj'stal- 
line granitic rocks of uncertain age. The great Comstock lode in 
Nevada, which has added so many millions to the world's supply 
of gold as well as silver, is in cry.stalline rocks which, however, 
are probably altered Mesozoic beds. The gold of the Deep Creek 
region. I'tah. as I have elsewhere shown, is in altered Carbonif- 
erous limestone, thus being in upper rather than lower Palaeozoic. 

The b(»st example we have of gold in the oldest rocks is found 
in the Black Hills of South Dakota in pre- Silurian strata, probably 
the eipiivalents of the (^imbrian, Montalban. or still older sedi- 
ments. Hut here in these ancient strata, although the aggregate 
((uantity of gold is large, the (piantity per ton of rock is not. 
To use till' technical i)hrase it is ''low grade rock'' as compared 
with the gold (juartz rock of the California Mesozoic. 

The tinaueial success of any gold mining operation is not to 1)0 
tak(Mi as ail indication or nuMisureof ((uantity. Success or failure 
depends largely ui)on location, the facilities for working and U|)on 
intelligent common sense management. 

In conclusion it is well to note briefly the general absence of 
jrold. so far as vet known, in the ordinarv red beds of the Trias 
of the Rocky mountains, and Ai>palachians, and from all forma- 
tions when* the iron is in the condition of ses^pii-oxide. I do not, 
of course, refer to, or include the oxidized outcrops of formations 
where at water level the normal c<^nditi<^n of the containeil iron is 
that of protoxide or of its sulphur com)KJunds. This is the 
normal state of the California Mesozoic. The auriferous fomia- 
tions there are generally bluish-green and black in color, the dif- 
fused iron is in the state of jirotoxide, or the sulphide, and the 
formations bear no resemblance to the Trias of the Rockv mount- 
ain region or of the Appalachians. 
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THE CRETACEOUS COVERING OF THE ITEXAS 

PAL>EOZOIC.* 

Ralpu S. Tarr, Cnm bridge, Mass. 

The ([uestion as to whether the central Palaeozoic and pre- 
Pala?ozoic region of Texas was completely covered by the Cre- 
taceous, is still a mooted question. Prof. R. T. Hill has at 
various times stated that this was the case, giving numerous rea- 
sons for the statement; but Dr. T. B. Comstock, who, by his de- 
tailed study of the central mineral region of Texas, is well quali- 
fied to speak upon the subject from other points of view, has 
come to the opposite conclusion. In the second annual report 
of the Texas geological survey he has again stated this conclu- 
sion, giving therefor numerous reasons of considerable value. 

.V study of the region immediately north of this area has con- 
vinced me of the accuracy of Prof. HiU's conclusion, and it is 
my purpose at this time to place the reasons for this conclusion 
on record. 

The beginning of the Carboniferous epoch found the central 
region of Texas a land area considerably denuded. This is 
proved by the baj's and promontories now being uncovered by the 
erosion of the overl3ing Carboniferous. It was probably a mount- 
ainous are4i, a part of a much more extensive system now buried 
l>eneath later deposits. More than 8,000 feet of Carboniferous 
rocks were laid down and the sediments forming these rocks came 
in large measure from the central region or from its extension 
now buried. This is proved by the conglomerate pebbles in the . 
Carlx)niferous. In later Carboniferous times, during the deposi- 
tion of the Coleman beds, the Carboniferous of earlier date had 
been added as a coastal strip to the older land. The general ab- 
sence of conglomerate and sandstone in these rocks is proof of 
this, and the presence of numerous shore lines in the Coleman 
beds points to the same conclusion. The extensive Permian rocks 
of central western Texas are in the main inland sea deposits, and 
during this time the Palaeozoic was still land. From the close <^f 
the Permian to the beginning of the Cretaceous we have no def- 
inite evidence from the Texas deposits, so far as the}' have been 
studied, though there can bo little doubt that the older Pabeozoic 
rocks remained dry land. 

Thus, from the beginning of Carboniferous times, and earlier. 

♦Published by permission of Mr. K. T. Diimble, State Geologist of Texas. 



170 2he AinerUvn GeoUKj'iHt. March, isw 

until tho (^retaceous period, with tlie possible exception of early 
( ■nrboniforous times, the ancient Palaeozoic core of Texas has 
been subjected to denudation. Since the Ixjginning of the Car- 
lx)niferous to the present, along the northern lx)rder of this area, 
there have been no disturbances of sufficient moment to affect the 
Carboniferous rocks, barring only the gentle tilting to which these 
have been suVijected. In other parts of the area this is not true, 
for Dr. Comstock finds later disturbances, and the post-Carbonifer- 
ous age of the Burnet granite has been quite definitely settled. 
The point intended to be made here is, that the older rocks have 
not be(Mi subjected to extensive mountain building forces in post 
Carboniferous times, otherwise it would be difficult to understand 
the remarkablv unbroken nature of the Carboniferous rocks which 
skirt its northern border. Post-(.Vetaceous disturbances to the 
southeast, such as that of the Burnet granite intrusion do not, of 
course, enter the problem under consideration. 

So, fi'om Carboniferous to Cretaceous times the area was not 
onlv one of continuous denudation, but also one free from the 

« 

rejuvenating effect of extensive elevation. How greatly denuded 
this area was in i)re-(\irboniferous times cannot l>e stated with 
absolute certainty, yet the valleys and promontories buried be- 
neath the Carboniferous are not sharj) and deep in topographic 
outline, but, rather, rounded, as if of adolescent or mature 
forms. This seems to show that the area, though a mountainous 
area, was not at that tinu» one of striking relief. From that time 
to the beginning of the Cretaceous its relief must have been 
gri'atiy re(luce<l in the al>sence of distinct rejuvenation. Yet, as 
will be shown, it was at this time a lan<l of considerable tO|)0- 
grapliic diversity. 

The lowermost Cn^taceous bed is a hodge-podge of sand and 
conglomerate representing in large measure the old land, in part^ 
if not entirely, worked over by the sea as it advanced ui)ou the 
Paheozoie land, which was sinking beneath the ocean. Strati- 
jrraphieallv this, the Trinilv of Hill, is the lowest member of the 
nearly horizontal Cretaceous, but it may represent a wide period 
of time. for. in places it is found on the Paheozoic land at an ele- 
vation of ].2r>() feet above sea level, while at other places it rests 
at an elevation of 1,IMM) f(»et. Thus this vertical dilference of 
K\'M\ feet means approximately the time recpiired for the land to 
.sink r>r)0 feet: an<l that there is this amount of ditfereneeof time 
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in the deposition of the Trinity sands in these two places. In 
order to eliminate a possil)le error, even in this calculation, aris- 
ing from the complication involved by the tilting of the entire 
area in post- Cretaceous times, it may be well to take differences 
of elevation in a northeast and southwest direction, which will 
reduce the difference in elevation from G5(> feet to 500 feet. The 
difference calculated here is based upon points fifty miles apart. 
That this ditTerence is not great, when compared with the time of 
formation of the series as a whole, is proved by the fact that im- 
mediately over the Trinity, in every place, is found the lower 
lavei>> of the Comanche Peak beds. Thus it seems likelv that 
the submergence of the land was tolerably rapid. This is still 
further indicated by the unassorted arrangement of the lower beds 
and their wide diversity. 

That the Carboniferous land was a level land, is proved, on 
every hand, h\ the fact that, on the Carboniferous proper, there 
are no excessive changes in the general level of the Trinity beds; 
but, that the Carboniferous was a land area, and one of gen- 
tly undulating surface, is equall}' well proved by the gradual 
changes in elevation in the ditTerent parts of the region now par- 
tiallv covered bv Cretaceous. For instance, southwest of Brum- 
wood, on the west side of Pecan bayou, in five miles, on a north 
and south line, the elevation changes from 1,1550 feet to 1,500 
feet, or an increase of 150 feet going northward five miles. The 
Santa Anna. Cretaceous butte. in Coleman count v, rests in Car- 
lx)niferous at an elevation of about 1,750 feet while fifteen miles 
to the northwest the Cretaceous-Carl>oniferous contact is at an 
elevation of 2,100 feet. At the base of the scarp along the 
(*olorado river, the lowest Cretaceous boundarv is a sently undu- 
lating line with a general rise to the north. The hills recently 
uncovered from beneath the Cretaceous are broad, flat- topped, and 
gently undulating. The gradual rise to the northwest is probably 
to be accounted for V)y the tilting of the entire mass in post- 
Cretaceous times: and it is probable that the old-land slope luis 
been reversed by this means. 

From this it will be seen that there are no places where the 
position of the lower Cretaceous seems to indicate any sharp 
erosion or striking topographic relief in the Carboniferous land; 
but in the bordering Silurian the case is different. This was the 
highland of the time and, as would naturally be expected, the 
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hard rocks of that formation resisted the base-leveling process 
long after the softer rocks of the Carboniferous had l)een reduced 
to it. The Harper knobs west of the San Saba consist of Trinity 
conglomerate resting on Car])oniferous at an elevation of 1.400 
feet. Within five miles in a southeast direction there is Silurian, 
at present 1.650 feet high without any Cretaceous covering. 
Within seven miles in nearlv the same direction, there is a Silu- 
rian hill without Cretaceous, {it an elevation of 1,850 feet. That 
is, in seven miles, there is a rise of 450 feet at lea^f in the pro- 
Cretaceous topography. There are many other places where the 
Silurian rises to this elevation without any sign of ever having 
had any Cretaceous covering; but, southwest of Bnidy, Cretaceous 
is found resting on both Carboniferous and Silurian at an eleva- 
tion of 1,!)00 feet. Here the Trinity rests at an elevation of 150 
feet above the nearest Cretaceous on the Tapper Carboniferous. 
10 miles northeast. The significance of this, with relation to the 
chief point under consideration, will ])e referred to later on. 

From the ii]M>ve it will be seen that when the Cretaceous period 
began, in Texas, it found a low-lying land of Carboniferous strata 
undulating and nearly V)ase- leveled, and an older Palaeozoic high- 
land district oonsidenibly divei^sified. but probably not strikingly 
mountainous. ri»on this area the encroaching sea commenced 
the dej)osltion of the Trinity sands and conglomerates, then, with 
more complete sul)niergence. followed the higher beds of deeper 
water origin. A few words ui)on this peculiar formation will 
help us in llie proper presentation of this argument. 

The luisal beds of the Cretaceons are revealed in the Palaeozoic 
region along the base of the retreating scarp from beneath which 
the Carboniferous and other l)eds nn^ being uncovered, and also 
along the base of the buttes and patches of Cretaceous which re- 
main as uneroded remnants on this area. Being nearly horizon- 
tal they are revealed over a great area by this means. Along the 
eastern margin in the (N)lorado river escarpment the beds are con- 
jrlomerate. in the main, and varv in thickness from twentv feet 
or less to one hundred feet. Farther to the west the basal l>eds 
are sands instead of conglomerates, and there an; also shales and 
impure limestones. Over the Permian these beds are red in color 
from th(i color of the underlving rocks. 

In lithologic character the conglomerate is (piite remarkable, 
being often composed of large p<»])bles with a chalky cement. 
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The pebbles are frequently well rounded, and are sometimes, iis 
for instance, south of Milburn, fully one and one-half feet in 
<liameter. They are almost exclusively of flint and marble from 
the Silurian. 

1 am not able to account satisfactorily for such a conglomerate. 
At first I was inclined to the belief that it i-epresented old river 
beds, and 1 am not certain that this will not be found to be the 
origin of some of these conglomerates. The rather linear ar* 
rangement, in places, the fact that many miles away from the 
Silurian large pebbles from this source are found, and the presence 
of silicified wood and land fossils seem to indicate this origin. 
The close resemblance which some of this conglomerate bears to 
quaternary conglomerates in the creek beds is very striking. 
In Wallace creek, west of San Saba, the pebbles brought from 
the Silurian in times of flood, are cemented by a tufaceous ma- 
trix, deposited from chemical solution by the evaporation of the 
water, and this conglomerate resembles the Cretaceous so closely 
that several good observers have at first sight considered hand 
specimens of the two the same. 

Certainly this is not an ordinary beach conglomerate, for, in 
addition to being composed of large and sometimes well rounded 
pebbles, it is composed, in fully one-half its bulk, of a matrix 
of limy matter. We have a basis for comparison in the same 
field, for, near Rochelle, Cretaceous conglomerate rests directly on 
the Car]x>niferous conglomerate. Not only is there no resemblance 
between the two in the character of the matrix, but the pebbles 
also, though derived from the same source in both cases, are en- 
tirely different. The Carlx)niferous conglomerate has no pebbles 
of marble, but the Cretaceous contains very many marble pebbles 
in addition to the flint derived from the marble. This compari- 
son shows that, while the Carboniferous conglomerate had been 
subjected to much sea-shore grinding, the Cretaceous was almost 
free from such action. 

It can be readily shown by subtracting the present slope of the 
old Carboniferous land from the dip of the Cretaceous that the 
clip of the old pre-Cretaceous land was several feet per mile to 
the northwest. Conse(iuently as the land sunk beneath the sea 
the water encroached from the west toward the east. 

The Trinity beds are probably nothing more than hurriedly 
worked over soils and land debris, in a rapidly encroaching sea. 
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the rapidity being indieated Iwth b^^ the character of the strata 
and the fact that at points fonr or five hundred feet aliove one 
another the same stratum is found. The encroachment being 
from wc^st to east, as it proceeded, a bed of varying character and 
thickness was formed according tus topography and amount and 
cliaracter of supply varied. Such being the case it follows that 
at a distance from the elevated Sihirian land the soils upon the 
comparatively level and rather soft Permian rocks furnished red 
sands, and. upon the (Carboniferous, a yellow sand; but near and 
on the Sihirian the stream beds supplied the waves with coarse 
material. This conglomerate hurriedly worked over and not 
much altered, soon came beneath the reach of wave action, as 
the subsidence of the land continued, and there became mixed 
with and covered by the finer deposits wjished from the succeed- 
ing shore lines. In the (luite rapid subsidence it is possible that 
some protected river deiK)sits may have escaped destruction, but 
I know of no instances which can detinitelv be stated to be of 
this origin. 

Above these beds ev(»rv where are found deposits of great uni- 
formitv free from conglomerates, and usuallv free from sandv 
mat(»rial. Certain of these beds are stated by Prof. Hill to be of 
truly deep sea origin, indicating a subsidence of several thousand 
feet. Tlie remarkable extension of certain thin beds over hun- 
dreds of s(iuare miles proves great uniformity of conditions at- 
tending their deposition. A great thickness of true chalk is also 
proved by him. The agirn^gate thickness of these de|)Osits is 
several tliousan<l feet. 

If 1 uiider.stand Dr. Comstock aright he conceives the Silurian 
to have been an island in this sea, for there can be no doubt that 
the ('n»taeeous extended well up to the present limits of the area, 
since the (Vetaceous still exists there either in remnants or as an 
escarpment to the main Cretaceous area. This Palaeozoic island 
at present seldom reaches much above 2.000 feet, and is usually 
nnich less. At an elevation of 1 JH)(» feet southwest of Brady, 
as aheadv stated, I have found Trinitv beds with distinctive 
Trinity fossils as identified })y Prof. Hill, and at present in the 
collections of the Texas geological survey. With the present 
topography this would submerge* the greater part of the older 
Paheozoic beneath the Trinitv sea. That still greater subsidence 
went on in the main Cretaceous is proved by the accumulation of 
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several thousand feet of strata above the Trinitv, some of thein 
•of deep water origin. 

If, instead of being a moderately low lying highland, as I have 
attempted to prove, the central mineral district was a mountainous 
:area of great hight and topographical diversity, it might still be 
an island in the Cretaceous sea. This seems more unlikely, how- 
ever, when we consider the comparatively small area of the dis- 
trict, or, at least, that part of it which cannot be proved to have 
been covered bv Cretaceous bv the existence of remnants of these 
strata; however, the continuation of this area along the Peder- 
nales river, and probably elsewhere beneath the Cretaceous, shows 
that large parts of the older ]^ala?ozoic rocks had by this time 
lost their former topographic diversity, and become reduced to 
highlands of moderate elevation and topography. In view of 
thase facts it would be quite remarkable to find a single small 
area retaining its elevation to a sufficient degree to withstand the 
long continued and deep submergence of Cretaceous times and 
still remain an island. 

Aside from these facts there is another bit of evidence pointing 
to the same conclusion. With the exception of the lower Trinity 
beds the Cretaceous is (piite without evidence, where 1 have seen 
it, of neighboring land. In the chalk and other beds the ma- 
terial is of such extreme purity that the neighborhood of land is 
quite out of the ([uestion. without thea^ssumption of intermediate 
•currents of sufficient rapidity to remove all land debris of even 
the finest quality. 

Dr. Comstock puts forward* several reasons for his belief which 
I wish brieflv to consider. Fii-st. the absence of remnants of 
Cretaceous on the older Palaeozoic is noted. This is certainlv 
•Striking. ])ut it may equally well prove that the Cretaceous has 
})een for a long time removed from this area, as T shall attempt to 
show possible. T.^pon the Carboniferous, low lying and undiversi- 
fied as it is. there are areas of consideral)le extent, only recently 
uncovered from l)eneath the conglomerate, in which, except in 
the stream beds, no signs of this covering exist. In the strongly 
diversified older rocks, with their greater elevation, this removal 
would be much more quickly and completely accomplished. 

Secondly. -'The Cretaceous beds along the borders, even in- 
i^luding the fossiliferous limestones, in large degree, are chiefly 

*.Se<ond Ann. Rep. Texas Geol. Survey, 1891, pp. 663-4. 
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shore line deposits of local origin. *' Tf these l>eds are Trinity or 
lower Comanche limestones it merely proves that at this time the 
older rocks were not completely submerged; but if they l>elong to 
the higher Ijeds tlie argument is quite unanswerable. 

Thirdly. The irregularity in dip of the Cretaceous is men- 
tioned. This is not the case in the more northern region which T 
have studied. This irregularity in dip may have been due to 
original irregularities of Ww old land surface or to suljsequent 
deformations which Dr. (^omstock himself has proved to have 
occurred in llu* region und(u* consid(»ration. 

The fourth and fifth arguments refer to the effects of faults in 
the older rocks, the meaning of which 1 cannot quite make out 
from the brief statement which he was obliged to make. Ifaving 
no knowledge of the region in ((uestion or the phenomena referred 
to, I should not feel myself (jualified to answer these arguments. 

The sixth argument is the vast erosion shown in the older 
rocks, far too great to have be<»n acc()mpli8hed in jjost- Cretaceous 
times. This is precisely the ground that I have taken alK>ve in 
attempting to show that the central core has l)een subjected to de- 
nudation from b(»fore (\irl>oniferous times to the beginning of the 

Cretaceous 

Dr. Conistock s seventh argument is that the pre-Cretaceous^ 

topography is still being pi^rfected. the present streams occupying 
the old valleys, (piite in contrast to that which is seen in the 
jirea onlv recent Iv uncovere<l from beneath the Cretaceous. A 
stream superimposed upon a lower rock through an unconform- 
able covering tinds itself following an irregular course, with little 
regard to revealed topography and structure. It is now pretty 
well provtMl that the streams will eventually adjust themselves 
to the newly formed topography. 1 have attempte<l to show, in 
articles in the Amrn'mn Jnnnml nf Srimn that this hasbi»en the 
case in the Carboniferous area of ((Mitral Texas. Where receutl}' 
uncovered the streams tlow overtlu* (^irboniferous in verj* irregu- 
lar cours(»s. but, as you proceed away from such places, they are 
found more and more in eonformitv with the Car})onifenms strue- 
tur(\ The tributaries to the Colorado, and that river itself, show 
such adjustuuuits. In a region like tiie older J*aheozoic which is 
so much more diversilied in topography and structure, so much 
more elevated and. probably, so much longer uneovereil, this pro- 
cess of adjustnuMit has had both more time and opiK»rtunity for 
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<?xpre.ssing itself. In this way the correspondence of present and 
iincient valleys may be accounted for even though the entire re- 
gion was once completely buried beneath Cretaceous strata. 

The eighth and last argument is in no essential particular differ- 
<^nt from the first, and therefore requires no separate answer. 
AVith the exception of two of Dr. Comstock's arguments, other 
explanations seem possible, and these explanations do not militate 
against the theory that the entire Palteozoic and older rocks were 
once buried beneath the Cretaceous. The weight of the other two 
arguments I cannot attempt to decide upon. 

(Iranting that the Cretaceous at one time extended completely 
iicross the Palaeozoic and Archean, it remains to be shown how it 
happens that this area contains now no relicof this former covering, 
whereas the Carboniferous al)ounds in such evidence. The rea- 
son for this cannot be stated definitely, although there are several 
possible explanations. In the first place the Cretaceous, owing 
to the elevated nature of the Palaeozoic core, may have been 
iietually thinner here than elsewhere, and hence more ([uickly cut 
through. Another possible explanation is that the post- Cretaceous 
deformations noted by Dr. Comstock may have (»levated these re- 
gions alx)ve sea level earlier than the neighboring regions, and 
thus given them a long start in the race of denudation. A more 
reasonable explanation than these even exists in the probable form 
of the Cretaceous sea floor. The central highland region of 
Texas, is at present much more elevated than the uppermost Cre- 
tactHjus beds to the southeast. Even the accumulation of several 
thousand feet of sediment could hardly be expected to completely 
efface this old mountain arAi. Tt most probably formed a great 
dune in the Cretaceous sea, which, in post-C-retaceous times was 
the first to be raised above the sea, and conseciuently the first to 
be attacked by erosive agents. That the elevation of the Cre- 
tiiceous was in great measure continental in character is shown by 
the uniformity in dip throughout the Cretaceous area. It seems 
probable, therefore, that if, as is supiK)sed, the central district 
was submerged and covered, it was the first to appear, and this 
fact will account for the (luite complete removal of Cretaceous, 
4ind the adjusted courses of the streams. 

In summary it may be said that it has been the attempt of this 
paper to prove that the central Palaeozoic and pre-Palaeozoic core 
of Texas has been from before the beginning of Carboniferous to 
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(^rotaeeous times, almost, if not quite uninterruptedly a land area 
subjected to denudation ; that, at the beginning of Carlioniferous 
times the land was already eroded beyond the stages of youth 
nearly to topographic maturity: that, when the Cretaceous i>erio(l 
began, it found the (Carboniferous iin*a a low-lying base-levelletl 
area, a peneplain skirting a moderately low and not strikingly 
diversified highland of older and harder rocks; and that the 
(Cretaceous ocean completely covered this region, depositing there- 
on a considerable thickness of Cretaceous rocks. The encroach- 
ment of the C^retaceous sea was rapid as is indicated by the |h»- 
culiar Trinity conglomerate, which is apparentl}' hurriedly worked 
over land debris. The final chapter in the history was the i>ost- 
Oetaceous <»levati()n, which fii-st raised this region above the sea. 
because its former elevation was in part indicated in the topog- 
raphy of the (Cr(»tac(M)us ocean even through thel)lanket of Cre- 
taceous strata which covered it. Being the first to Ije raised 
above the sea it was the first to be eroded, and consequently now, 
over large areas, shows no signs of the former covering, either in 
remnants. (Quaternary debris, or in unadjusted stream courses. 



NOTES UPON NEBRASKA TERTIARY. 

IJy F. W. RmHKM.. rhicam'o, 111. 

In the January (1S!>0) num))er of the (Jkolcmust the writer pre- 
sented some preliminary observations upon certain geologic forma- 
tions of central Nebraska. Obtainino: manv of these data from re- 
connaissance a desired dejrree of accuracv could not be attained. 

*^ ft 

SubscMpient examination has served to reveal more completely 
certain criteria for the studv of tliis central record. One hiatus 
is closing but we can not, as yet. proceed along an unbroken 
sequence. Most notic(»able does this become when we endeavor 
to intercalate certain beds between the inferior Tertiary limc^toue 
and the superior loessian formation. Th<»se beds, as far as seen, 
do not contain data for exact liorizonal determination. The 
problem tluMi resolves it.self into placing them from their relations 
to the other formations. Hriefiy then to get tin* setpience in mind 
let us consider our material. W<» shall find at the base the un- 
([uestioned Tertiary buttes. The writer has examined all the 
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outcrops occurring in the counties of Sherman, Howard, Greeley 
and Valley. Two of these Tertiary exposures have been pre- 
viously cited viz: at Scotia and Seneca, in Hooker Co. I will 
give two more, one at Brewster, one at Rock vi He. With the ex- 
ception of the last the masses rise in isolated buttes from 05 to 
1 00 feet, llockville exposes only a few feet. 

In comi>osition there is but little difference. Seneca, Scotia 
and Brewster almost the same; Rockville slightly more siliceous. 
Among the observed fossils Planorhis, Physa^ Ltmnaa, Viviparux 
identifiable. Also many fragments that cannot be recognized 
even generically. The Seneca outcrop alone has furnished verte- 
brate remains. 

Passing upward to the superimposed and unconformable sands, 
clays, gravels and loessian we find these clearly difl'erentiable 
into two divisions. The sands, clays and gravels comprise 
the beds to be inserted ]>etween the other known terms. The 
Ijest locations for examination and study are along lines of 
the Burlington and Missouri River railroad in the aforementioned 
counties. The extremes of variation are a pronounced ferrugin- 
ous arenaceous mass and a drabbish argillaceous soil. The typi- 
cal component is an iron stained clay. The ferrugineity is often 
manifested in small iron concretions and in hand specimens of 
iron-cemented sand. Not infrequently do these hand specimens 
show the presence of manganese. This particularly from a 
deposit south from Arcadia in Valley Co. Digestion with hot 
hydro-chloric acid demonstrates protoxide of iron as an external 
granular deposit on much of the sand. After such treatment the 
dark grains came out surprisingly white and clear. 

Contrasting the individual particles of this formation with the 
superior and non-conformable loessian distinct diflTerences obtain. 
In the lower material the percentum above . 028 mm. is much greater. 
The grains do not show such marks of attrition. The percent of 
water-worn particles is somewhat high but even here the original 
angular faces have not been removed. Of the particles, most are 
quartz, but identifiable I find ftiuscovite, biotite, hornblende and 
glauconite the most common. Of hand specimens syenite, (puii-tz- 
ite, chert, quartz and granite. The last however of very limited 
occurrence. 

As far as observed this horizon is destitute of fossils. Hence 
present examination must proceed without these valuable indices. 



ISO 2he American Geologist. March, it«s 

Continued study and search may result in bringing organic 
remains to light. Let us hope. 

The natural outcrops of this formation are rare. In places the 
creeks of the bhitfs have cut through the superincumbent loessian 
and thus revealed the clays and sands. This rarity of natural 
outcrop is not strange when we think of the extent and thickness 
of the loessian blanket. Jiut where revealed, whether by creek 
erosion or railroad cutting, there is exhibited always a non-con- 
formity. Not abrupt, as upon the Tertiary buttes, but having 
more undulation, as though the l>eds sank quietly l)elow the 
water and received a uniform precipitation. However, such a 
deposition of sediment as did not effectually conceal the previous 
contour. I'pon the emergence of the land the drainage at once 
assumed almost the identical conditions that had previously ob- 
tained, and in many places we find streams running on loessian 
beds in channels marked out for them prior to the deposition of 
this formation. The Loups are not rapid eroders, on account of 
the load of sediment thev carrv. Thev have not hence cut 
through the loessian blanket. 

Tn the lower of these two divisions above the Tertiary buttes 
we have no vertical cleavagt*. In this respect it differs pro- 
nouncedly from the formation immediately alK)ve. The com- 
mon calcium carbonate nodules are also wanting. In summation, 
then, the cardinal characteristics for recognition are the presence 
of iron and the iron stain: the presence of gravel, some particles 
bein^r (juite coarse: absenct» of fossils: absence of calcium car- 
lM>nate, both in nodules and disseminated: absence of vertical 
cleavage, and presence of manganese. The last perhaps rather 
more local than gen(M*al. These data obtain for all of the many 
outcroi)s thus far examined in the counties of Valley, Greele}', 
Howard and Sherman, 

Turning to the superincumbent deposit then, let us still further 
note the differences. This fornuition has a uniform huffish to 
<lrabbish appt»a ranee. Thr particles are smaller and more uni- 
form, showing greater attrition, (^ilcium carl)onate present in 
nodules and disseminated throughout the mass. Vertical cleav- 
age always found, and becomes one of the most important means 
of identification. The formation is fossiliferous. having such 

forms as Surrtiif.n, Zoiiitfs. Ifrh'.r, l^iipn. VaUimui, HelicmliMcUB,, 

etc.. of which II»lirn<llRvim and Sum'iifn occur in great numliers. 
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What, then, are the ages of the formations? Are we justified 
in assigning the lower biittes to the Miocene? It seems so. The 
indications point to this conclusion. If we adopt this determina- 
tion then we may with propriety assign the formation of the bluffs 
to the Pliocene. The question then arises, is the variation be- 
tween this upper Pliocene and the beds immediately under 
greater than might be found in one formation? Considering the 
variableness of the Tertiary, so great dissimilarity might be 
found within the one division. In this case the upper bluffs 
would be the superior member, and the gravels, etc., the inferior 
member of the Pliocene. 



ON FOSSILS IN THE LAFAYETTE FORMATION IN 

VIRGINIA.* 

B> N. II. Daio'on, V . S. Geological Survey, Wawhiugtoii, D. C. 

I u a paper entitled * * Mesozoic and Cenozoic Formations of 
Kastern Virginia and Maryland,*'! I described the relations and 
distribution of this formation in the western portion of the coastal 
plain region, and announced its extension northward through 
northeastern Virginia and Maryland. 

During the past season I have found that the formation extends 
oa.stward down the coastal plain peninsulas nearly to Chesapeake 
bay. These peninsulas consist of remnants of an elevated plain, 
occupied by a sheet of Lafayette formation, and originally con- 
tinuous over the entire coastal plain. This plane is inclined 
gently eastward, its altitude decreasing from 500 feet in the Pied- 
mont region, to from TiO to 80 feet in the vicinity of Chesapeake 
bay, where it is terminated by an abrupt descent to the low Pleis- 
tocene terrace bordering the bay to a width of several miles. The 
irreat drainage depressions are excavated in this plain and the re- 
sulting peninsulas are more or less widely fringed by the low, 

*Thi8 formation on the Atlantic coastal plain was first described under 
the name Appomattox, by McGee, in 1889, in a i)aper entitled ** Three 
Formations of the Middle Atlantic Slope," Am, Jour. Set., 3d series, vol. 
85, pp. 328-330. In the American Geoixkust, vol. 8, pp. 129-131, Hilgard 
proposed to revive the term " Lafayette," which was applied in the Mis- 
sissippi region In 1855-'56, and the term was adopted by McGee and Dar- 
ton in a chapter oq the Geology of Washington in the guide to Washing- 
ton, prepared for the meeting of the International Congress of Geolo- 
gists, in August, 1891. 

tGeol. Soc. Am. Bui., vol. 1, pp. 431-450, map. 
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Pleistocene terraces which occupy them. The i)euiiisnla rem- 
nants of the high plain are also invaded hy steep-sideilj lateral 
drainage- ways. The aggregate area of Lafayette formation re- 
maining is, however, more than half of the original amount, and 
the level, monotonous surface of the old plain is the characteristic 
feature of all th(» higher land of eastern Virginia and Maryland. 

In its eastward extension the formation gradually becomes finer- 
grained: the pebbles are small and in less proportion and the 
amount of argillaceous matter increases. The predominant mate- 
rials are orange and buff sands, with iiTcgularly distributeti drifts 
and sprinkling of small pebbles. Near the base of the formation 
in the easternmost localities thin beds of grey clay l>ecome conspic- 
uous, but they alternate with beds of sharp sands. The fonna- 
tion eraduallv thickens, also, and finallv a thickne^ss of from forty 
to sixty feet is attained. Throughout its eastern extension the 
formation lies unconfonnably on the east-dipping surface of the 
(Miesapeake (Miocene) sands and its base usually includes more or 
less (^hesapeake materials. 

It was hoped when the otT-shore deposits were studied that fos 
sils would be found, for no traces of organic life had ])ecn dis- 
covered in the coarse beds farther westward, and it would be ver}' 
interesting to know something of the life which existed in this re- 
ojion in Lafavette times. Careful search finallv resulted in the 
discovery of a fossiliferous locality, but the remains throw but little 
light on the (luestion. They consisted of water-worn shell frag- 
ments, and occurred in a thin coarse sand stratum a few feet 
from the base of the formation, in a road-cut a short mile north- 
east of lleathsville. the county seat of Northumberland county, 
AMrginia. 

The remains were submitted to Dr. W. M. Dall. of the Smith- 
sonlan Institution, and to Dr. \V. H. Clark, of Johns Hopkins Uni- 
versity, but as the material was in such poor condition it was diffi- 
cult to identify species. Th<» most abundant individuals wereT^nw* 
inerrritmin; a (Jnathodon was recognized which Pr. Clark thought 
was probably G. i/rai/ii. and a badly worn shell suggested Atwmia 
simpfr.r to Dr. Dall, but he was very doubtful as to its identity. 

The I'onis rnvrmunia has such a wide range as to lie of no ser- 
vice in the present incpiiry. Gnafhoihm <jntffii is a Miocene form, 
but other (Jnathodons occur in the l^liocene. and the genus is still 
living in the seas of the far south. 
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Owing to their [>roximity to the Chesapeake formation, and the 
broken and water- worn condition of the shells it is possible, if not 
probable, that they w^ere derived from the underlying formation. 
The soft, loose Chesapeake sands at this locality were never richly 
foseiliferous and have lost their shells by solution, but there are 
other localities, not far from Heathsville, where both Venus mer- 
cenaria, Gnathodon and other Miocene shells occur in abundance 
in the Chesapeake formation. 



QUATERNARY GEOLOGY OF KEOKUK, IOWA, 
WITH NOTES ON THE UNDERLYING ROCK 

STRUCTURE. 

By C. II. GoRiMiN, Bvanston, III. 

While the Keokuk limestone with its very interesting piscine 
and crinoidal fauna, and the shales with their peculiar siliceous 
deposits, have made this localit}' widely noted, the special topo- 
graphical and stratigraphical features of the region have received 
comparatively little attention. We have noted already some of 
the important features pertaining to the lithified deposits*, and it 
is the purpose of this paper to consider the efpially significant 
topographical and Quaternary features. 

Keokuk is situated in Lee county, which comprises the triangu- 
lar area at the junction of the Mississippi and Des Moines rivers, 
in a bend of the Mississippi about two miles alx)ve its confluence 
with the Des Moines. For a distance of eight miles above the 
city, the general course of the river is due south with a slight 
l>end to the west. Opposite Main street it makes a sharp turn to 
the west, bearing off s. w\ by w. for nearly three miles, where it 
is joined by the Des Moines and again resumes its southerly course. 
From Montrose, nine miles above, the river flows over the cherty 
hi^'ers at the junction of the Burlington and Keokuk ]3eds. giving 
rise to what is known as the Des Moines rapids. The canal along 
the western bank, constructed and maintained by the government 
to overcome this impediment to navigation, constitutes one of the 
im|x>rtant engineering features of the river. Just below the 
lower lock, an iron bridge spans the river, connecting the city 
with Hamilton, a thriving village on the Illinois side; while a few 

♦American GEOiXMtisT, Oct., 1889, p. 237; same, May, 1890, p. 257; 
American Naturalist, April, 1890, p. 305; American Journal of Science, 
Oct., 1890, p. 295. 
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miles below, iiiul easily seen from the higlits at Keokqk. are War- 
saw on the Illinois side, and Alexandria in MiBSOuri. Tlie former 
is of interest as hem^ the home of A. H. Worthen, whose labors as 
state geolo^st of Illinois placed him in the foremost rank of scien- 
tists. The name. Gate City, was applied to Keokuk in the old days 
of prosperous river traftie,when its position at the head of naviga- 
tion made it the "entering port'' of much of Iowa's commerce. 
Topofjriiphi/. — The thickness of the surface deposits is not 
such as to materially atfect the topographical features of the re- 
gion, and hence these derive their significance largely from the 
8ubjac(Mit rock surfac(».. A high mural escarpment faces the river 
along the eastern and southern sides. In places this wall is con- 
siderably reduced and toward the south is intersected by the nar- 
row valley of Soap creek, leading in from the northwest. Near 
the lower lock, the (»scarpment rises in bold outlines, with retreat- 
ing summit, to a hight of one hundred and sixty feet. Farther 
to the north, the blutf presents a steeply sloping face covered 
with superficial deposits. On the south, the escarpment is bold 
and conspicuous, rising to a hight of nearly two hundred feet. 
its face irregular! v scalloped bv narrow and short ravines. The 
highest points at the north anil south are capped, underneath the 
(Quaternary, by (\)al Measure d(»posits, while between these points 
varying portions of the underlying rock have been removed by 
prc-glacial erosion. Patches of the St. Louis beds still crown the 
blutf at places north of Main street, while at its foot, erosion has 
extended to the (reode formation of the Keokuk l)eds. A drain- 
age l)asin occui)ies the interior of the city north of Soap creek, 
and op(Mis Into the valley of that stream a little above its mouth. 
In this area the rocks abr)V(» the (leode formation have been largely 
removed, leaving an a m|)hit heat re-like depression, partially filled 
by subsecjuent deposits. These have suffered considerable de- 
nudation, however, since the time of their deposition. Toward 
the northw(»st, the surface gradually rises to the narrow undula- 
tory plateau forming the divide between the drainage systems of 
the Mississippi and Des Moines rivei*s. and broadly scalloped on 
either side by subsidiary drainage basins. At Montrose, the 
blutf recedes from the river, leaving a belt of high bottoms three 
or four miles wide between this point and Fort Madison above. 
Beds of sand and gravel are here found twenty to thirty feet al)Ove 
Ihe present high-water level of the river. Between this point 
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and Keokuk, a band of water-worn shells of the same species as 
those now living in the river (Uniones) extends along both sides 
of the river at an altitude of fifteen to twenty feet above present 
high water mark.* There are indications that between these 
points the channel of the river in pre-glacial times was west of 
where it is now. 

Rock Sfries. — The following is an approximately complete sec- 
tion of the rock series as now known here, t 
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I. ROCK SECTION AT KEOKUK, IOWA. 

Thick. Depth. 

1. Sandstone with Stigmaria^ exposed 10" 

2. Black fissile shale 6' 

3. Coal 1-6" 8-4" 

4. Fireclay 3" to 6" 

5. Black shale .Ml' 20 

6. Sandstone with Stigmaria\ rests upon 
the uneven surface of the St. Louis lime- 
stone. Lower portions include limestone 
fragments, and occasionally Lithostro- 

Hon mnadense 10' to 20' 36' 



X 



f 7. Upper, Brecciated limestone. Stratifi- 
cation irregular. Portions abounding in 
?;reenish and gray clay. Limestone 
ragments 5 to 12 inches in diameter, 
and more or less water-worn. Fossils 
usually in fragmentary condition. X. 
canadehfie 8'to20' 50 

8. Middle, Light or bluish-gray sandstone. 
Calcareous above, more or less massive 
grit below 5' to 10' 58 

9. Jjower, Yellowish-gray or brown mag- 
nesian limestone. Archimedes wortheni, 12' 70 



us 

o 



10. Upper or Oeode FortfuUion. Shales more 
or less calcareous, with occasional lime- 

; stone layers. Filled with geodes 50' to 60' 110 

11, Lower, or Limestone Formation. Layers 
variable, with one to six incli clay part- 
ings. Argillaceous below 60 ' to 65 ' 170 

♦Worthen refers to this as marking the low water level of the river at 
some previous period of its existence. Geological Report, Iowa (1858), 
vol. I, Part 1, p. 186. 

tThe exposures here comprise all the beds to the base of the Keokuk, 
including six to *en feet of the underlying transitional chert beds now 
classed with the Burlington. The remainder of the section was derived 
from the records of the Hubinger artesian well kept by the writer and 
published in the American Geologist for October, 1889, p. 237. 

JFor a fuller description of these beds see American Journal of 
Science, Oct., 1890, p. 295. 
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; 12. Upper. Chert formation 80' 250' 

Bx'ULrNiiTON. -J 13. Tjoioer, Limestone 40' 290 " 

Calcareous shale 65' 855' 

Kinder- \ 14. Limestone 10' 365' 

HOOK. \ 15. Shale 195' 560 

Hamilton. 16. Limestone (shaly) 65' 625' 

OiiisKAXY. 17. Sandstone (water) 20' 645 

X' . .» . ^ ^^' Liinf'Stone (**8an(ly'') 55' 700 

.MA(.AUA. -^ ^g Sandstone (water) 87' 737' 

lIui)s<)N^^^^^ /oo. Cindnnati (xMaquoketa) shale.... 63' 800' 

^'Tu^^^^^'ON*** s "^- f^""**'*^'*"^' "sandy*' below 140' 940 

LowKK 22. St. Peter's sandstone 110' 1050' 

Maonesian-^; 23. Alternating limestones and sand- 
on Ozauk. stones (water) 735' 1805' 

Till. — The drift covi'rin^ this purt of the state belongs to the 
tirst glacial epoch. It is (lonomiaatiMl the lower till and consti- 
tutes the attenuated border of tin* drift region. It gradnally di- 
minishes toward the south and disappears in the vicinity of St. 
Louis. The following section was obtained at the foot of Ex- 
change street on the bluff overlooking the river: 

SUCTION II. 

4. Boulders, gravel and sand commingled. Boulders and 
gravel predominating. All more or less cemented to- 
gether hy calcareous material. Boulders from 8 to 10 

inches in diameter 6 feet 

- :{. Boulders, clay, gravel, and san<l in irregular patches. 
Same as Xo. 4, hut houlders larger, frequently from 2 to 

6 feet in diameter 18 feet 

2. Blue clay, gravel and sand lto8 feet 

1. Shales of the (leode formaticm 18 feet 

At the foot of Bank street, one block south, No. 3 was seen in 
contact with the (Jeode shales. In this division erratic boulders 
predominate, while above in Xo. 4 limestones are numerous and 
apparently but little removed from their original locality. Frag- 
ments of the St. Louis, Keokuk and Burlington limestones were 
observed. Some of the boulders were greatly exfoliated and de- 
composed. This, together with their cemented condition, has 
been adduced by Chamberlin and Salisbury as evidence of the 
early origin of the iMirder till.* Xo striated l)oulder8 were ob- 

*r. S. Geol. Surv., (Jth An. Hep., p. 204. 
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served. This muy be accounted for by the exfoliation which they 
have suffered . Moreover, those rocks which have suffered little 
fi'oni this cause, were probably borne along within or upon the 
ice. 3Ir. Guthrie has shown* that boulders thus inclosed are con- 
stantly rolling upward in the same manner that the coarse mate- 
rial in roily water is whirled upward and outward to be deposited 
alonir the banks, or transported to some quiet resting place. 

Loess. — A cutting at the corner of Second and Des Moines 
streets not far from the above locality, discloses the following 
arrangement : 

SECTION III. 

7. Fine, dark drab or ash-colored material, becoming coarser 

below, and gradating into No. 6 8 feet 

<>. Coarse red sand, mingled with finer particles; approaches 

a red clay in places 10 feet 

5. Fine white sand, interstratified with hard red iron oxide 

bands from 1 to 2 inches thick 4 feet 

4. The boulder bed underlying the above shows its relations 

to the preceding section ? 

F* I' I' ay I no us Zone. — The uppermost division presents the typical 
characteristics of loess. No. 5 and the lower part of No. 6 are 
more or less stratified. No. 5 is made up of white quartz grains 
varying in size from 1 to 4 mm. in diameter, those above 2 mm. 
predominating. They are more or less rounded in outline, though 
angular forms are not wanting. The red bands show no variation 
except in the presence of cementing material in the form of iron 
oxide. No. 6 differs from No. 5 in the added presence of grains 
from 4 to 10 mm. in diameter, and an abundance of iron oxide 
and finer particles. Under the microscope the oxide may be seen 
coating the sand grains, and in masses, along with the smaller 
particles, filling the interstices between the coarser grains. A 
vertical cut through the bed exposes small cavities with hardened 
walls, partially filled with clean white sand. The same white 
grains may be obtained from the main mass by dissolving the 
oxide with hot hydrochloric acid, thus indicating the probable 
origin of these pockets in a leeching process, due to waters 
charged with organic acids derived from the decaying vegetation 
al)Ove. Rounded grains are common. The decided coloration is 
a prominent feature of this bed. Wherever laid bare it is easily 
traced for long distances. Just above Warsaw, on the Illinois 

♦Lake Michigan Glacier, p. 11. 
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side, is an exiwsure easily recognized from Keokuk several miles 
away. Pebbles of granite are occasionally found, but are not 
numerous. (Miert fragments are frequent, and often occur in 
accumulated masses. I have also obscn'ed geoiles distributed 
sparingly through the bed. Lime concretions occur in the upi>er 
l)ortions. The deposit is mostly coarse and i)orou8, and is some- 
times used for molding purposes. This bed has sometimes lieen 
considered as representing the more important formation towards 
the south, called the Orange Sand. Ililgard, who first studied 
these VkhIs (Orange Sand), regards them as the southern equiva- 
lent of the noilhern drift, considering the materials of the two to 
}>e "essentially correspondent," and asserts *'that there are but 
two essential particulars to distinguish it from the becis of the 
northern drift proper: first the absence or at least great scarcity 
of erratic rocks proper, * * * .jud secondly the great preva- 
h»nce of limited deposits of ferruginous sandstone or conglom- 
erat(\ * * Tn the drift of the northern states the femiginiz- 
ing process has played Imt n subordinate part."* Until quite re- 
cently this view has been sustained by nearly all of the geologistst 
who hjiv<» written upon the suliject, those of Illinois alone dis- 
senting, and insisting upon tluMr pre- Pleistocene character. The 
latter view has recently been confirnuHl liy investigations in east- 
<n*n Arkansas und(*r the auspices of the state geological survey. R. 
K. Call, who has made a. special study of the Orange Sand, gravels, 
and Loess of Crowlys ridge, says that he regards the Tertiary 
age of tlies<» beds as une([uiv<x*al.t In a contribution to the same 
report. K. 1>. Salis])ury sustains this opinion from confirmatory 
evidence gathered along the lower Ohio. Briefly, the reasons ad- 
duct^l ]»y the latter for thi?* disposition of the IkhIs, areas follows: 

1. Tho uncouforniity which exists l)etwf»en the loess and the under- 

lying gravels and sands. 

2. The profound weathering and oxidation which these formationB 

underwent previous to tlio de]>08ition of the loess. 
:}. The constitution of the gravels of Crowley's ridge precludes 
their reference to tlie Pleistocene.^ 



♦American Journal of Science, 2nd Ser. No. \%\ p. 315. 

tSafford, Am. Jour. Sci., 1804, Vol. JJT, p. :mi. 
Dana, J. 1)., Manual of (Geology, p. 548. 
Leconte, Elements of (ieology, p. 548. 
Loughridge, Jacknon Pun'hase Region, Ky. (teol. Surv. 1888. 

^Arkansas (Geological Report, Vol. ii, 1889, p. 12(J. §Same, p. 224. 
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Upon the last point Salisbury's statements are greatly at vari- 
ance with those of the majority of previous writers, for he saj's 
that, in the **hundreds of exposures examined for this especial 
j)urpose, not a single pebble of demonstrably northern origin has 
ever been found.'' If the correlation of these beds with the Ter- 
tiar}' be accepted, and the evidence presented seems conclusive, 
it opens anew the question as to what constitutes the southern 
representative of the drift corresponding to the first episode of 
the first glacial epoch. This is found by the alx)ve writers in the 
lower division of the loess, above which is a zone of ozidation 
with traces of an old soil separating it from the later loess above. 
According to this view, it would seem probable that all the de- 
posits a})ove the till at Keokuk should be referred to the loess, 
and if the ferruginous zone corresponds to that giving rise to the 
two- fold division suggested by the above authors, then we have 
the lower division of the southern loess represented here h\ the 
lower till and the ferruginous division above. An explanation of 
this, however, may be found in the peculiar location of Keokuk 
just within the border of the glacial area. In the retreat of the 
ice sheet to the north there would be deposited first the material 
held by the ice, forming the lower till. But, as the edge of the 
ice receded up the valley, the deposit would gradually change, 
l)ecoming essentially estuarian in character. Then followed a 
period of deglaciation during which, probably, oxidation played 
a prominent part. This constitutes the interglacial episode of the 
earlier glacial epoch. Then came the closing episode, during 
which, apparently, estuarian conditions prevailed, and the main 
body of the loess was deposited. According to Chamberlain and 
iSalisbury this all belongs to the first glacial epoch after which the 
conditions of loessial deposit no more obtain, and the subsequent 
history of these regions is one of continued oxidation, erosion and 
rearrangement. 

In studying this formation we have been specially interested to 
learn if there is any significance in the fact that it is most prom- 
inently developed opposite and for some distance above and below 
the mouth of the Des Moines. In seeking an explanation of tlie 
probable source of the material constituting it, the agency of that 
river must not be overlooked. For a large part of its course it 
has been cutting its w^y through the sandstones and shales of the 
Coal Measures. About one hundred miles above its confluence 
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with the MissiHsippi occurs au excessive development of red and 
Viiri(»gated sandstone. In the vicinity of '*Red Rock," to which 
it has given name, this bed has a maximum thickness of 150 
feet.* The material gathered by the river from this and other 
rocks in its course must have had some part in determining the 
character of the deposit forming about its mouth. 

Thi Upper Loess. —The upper jwrtion presents the usual char- 
acteristics of typical Loess. A careful examination reveals the 
prestMUH* of ([uartz grains essentiall}' the same as in the ferrugi- 
nous portion, but greatly diminished in numlier. The main mass 
consists of finely divided particles, rock-flour, varying in size 
from . 01 to . 05 nun. in diameter. They show no signs of attrition. 
A bare trace of iron oxide mav sometimes be observed. No fos- 
sils were seen though the '-lime l)alls'' or **loess-kindchen*' held 
bv soni(» to be derived from fossil shells are common. 

ft 

Ertfusfon, 111. 

EXPLANATION OF PLATE. 

SoalP rpxoent in figure 4^ '. Horizontall to 1»680. 
scale (except in ngure 4). ^ y^rtical 1 to 1920. 

Fig. 1. Profile section (4J^ miles) from west to east, through Keokuk 
and Hamilton, 111., crossing the Mississippi in the vicinity of the lower 
lock of the Des Moines canal. 

Fig. 2. Profile section {^d}4 miles) from southwest to northeast across 
Keokuk Point, starting from a point midway between the mouth of the 
river and Des Moines bridge. 

Fig. 3. Profile section ?4 mile southeast of No. 2, and parallel with it. 

Fig. 4. Profile section on Des Moines from the river to Sixth street 

1,2, 3, 4e(|ual4, 5, 0, 7 of Section iir., j). 187. 



ORIGIN OF THE GRAVEL DEPOSITS BENEATH 

MUIR GLACIER, ALASKA. 

By I}*RAKL C. RrsPELL, Washington, D. C. 

1 With i.ontrilmtionK by Prof. (J. Frkdkruk Wrijrht, Prof. Harry Fielding Reld mnd Mr. 
II. P. CuMhln^.l 

In an excellent article on the Muir glacier, in the October num- 
ber of this jonrnal, Mr. 11. P. (Wishing described the gravols on 
which the lower end of tlie glacier rests, but states that he is un- 
able to explain their origin, t 



*(4eological Report Iowa (1858), Vol. ii, Part l,p. 168. 
Iveyes, C. R., Bull. G. S. A., Vol. ir, pp. 277-202. 

tThe same deposits are discussed hy (4. F. Wright in Ice Age In North 
America, pj). 57-01; and also in Ameuicax Gkoixwist, vol. 0, pp. 880-831. 
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1 made a hasty examination of the gravel deposit beneath the 
ioe on the east side of Muir inlet, in 1890, and believe that if 1 
can make clear to my readers how similar accumulations of gravel 
and sand are now forming in other portions of southern Alaska, 
we shall be able to come to an agreement as to the history of 
those under consideration. 

The Lesson. 

About the outer border of the Malaspina glacier and at the foot 
of the Atrevida, Black and Lucia glaciers on the west side of 
Yakutat bay, there are immense "boulder washers," as I have 
been in the habit of calling them, which are being deposited by 
over-loaded, glacial streams and have the essential feature of the 
"alluvial cones" or "alluvial fans," so common in arid regions, 
except that the material of which they are composed is in general 
more thoroughly rounded. They are also similar to the subaerial 
portions of the deltas of high-grade streams. 

One of the most characteristic boulder washers obser>'ed in 
Alaska, is on the east side of the Atrevida glacier, and has its 
apex at a locality where a creek of turbid water, called Ksker 
stream, rushes out from a tunnel at the foot of a precipice 
of ice about 200 feet high. * The stream flows for two or three 
miles through a deep gorge, having a moraine-covered bluff of 
ice for its right wall for a large part of the way, and a precipi- 
tous mountain slope, loaded with morainal deposits, for its left 
wall. The gorge has been formed by the melting back of the ice 
owing, in a great measure, to the action of the stream which flows 
through it. Many other sub-glacial streams emerge in a similar 
manner at the margins of the glaciers mentioned above. Some of 
these have cut back deep bays or canon-like recesses in the periph- ' 
ery of the ice; while others have failed to form re-entral angles 
of this character. Whether or not a local recession of the ice- 
front shall follow the emergence of a sub-glacial stream, depends 
on the volume and swiftness of the stream, and on the amount 
and size of the debris that rests on the ice, and as the ice melts, 
falls into the stream. When the stream is strong enough to keep 
its channel open, a deep notch in the ice-front may result; but 
when the debris from the sides and head of the recession is abun- 
dant, and especially when it is of large size, the channel frequenth' 

♦An illustration of the source of this creek is given in XntionaJ Gtv- 
graphic Magazine, Vol. 3, 1891, pi. 10. 
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becomes elioked, and tlie su)>-tjl:ioial waters are force<l to find a 
new outlet. 

Tn the case of the stnnuu issuing from the Atrevida glacier, the 
channel is de(»ply filled with debris, most of it of large size, de- 
rived from the ice din's near its souix*e. but the water is swift and 
the boulders arc* swept alonjr the channel until they can find a 
resting ph\ce. When near tlie stn^am, one ma}* hear, even above 
the roar of tlie torrent, the chishing and iK)unding of the Ixjulders 
as they are rolled along and hit against each other or against the 
still larger stones over which the water rushes. As soon as the 
canon widens, the stream divides and j)iles up the l)oulders, now 
on one side of its channel and now on the other, while the finer 
material is carritHl farther down. Owing to the dei)osition of the 
coarser portion of the heavy load with which the stream starts, its 
channel is built up higluM- than the adjiu'cnt surface, and conse- 
(juently the drainage is unstable. Some three miles from its 
source the stream pass(*s a spur of hills on its left and has room 
to expand its deposits. It then bifurcates again and agniu, and 
is constantly forming n(»w channels. The region through which 
the stream tlows is heavily timbered and the expansion of the tor 
rent-sw<»[)t anni is accomplished by invading the forest on cither 
side of its course. AVhen* this hns occurred recently, the dead 
trees are .still standing, and in some instances even retain their 
withered foliage; farther out in the gravel dej)osit they are dead 
but unbroken; while still farther away, only trunks and stumps 
project above the barren, stream-swept surface. The de- 
bris thus being laid down has the form of a segment of a low 
cone. The apex of the cone is four or five miles from its base, 
on Yakutat bay. and has an elevation of .some six or eight hun- 
dred feet. Its breadth near its base is about two miles. The 
depth of the deposit cannot be determined, jis building is inactive 
progress and dissection has not begun, but judging from the con- 
tour of the adjaivnt surface, is must be several hundred feet in 
the central portion. The deposit is coai*se and sub-angular near 
the apex of the cone. lK)ulders four feet in diameter l>eing not un- 
(*ommon, but become finer and finer near its base. The outer 
ix^rtion of the d<4>osit, near Vakutat bay, is composetl of gravel 
and sand. From the mode of its formation and the character of 
its surface, it is safe to assure that it is cro.ss- stratified through- 
out and has many abrupt alternations of fine and coarse material. 
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Trunks and branches of trees are scattered over its surface or im- 
))edded in the superficial layers. Portions of trees probably oc- 
cur throughout the deposit, and beneath it over large areas, there 
must be a buried forest. Conditions are easily conceived whereby 
other forests might become buried above the first. 

The debris carried down ])y the stream is derived almost en- 
tirely from the moraines on the glacier from which it flows, and 
partakes of their heterogeneous character. Examples of all of 
the rocks bordering the east side of the Atrevida glacier occur in 
the stream deix)sit. 

Owing to the fact that the stream is overloaded at its source 
and is depositing in that region, it is evident that the apex of the 
cone is rising, and, conse<iuently, that it is increasing in thick- 
ness throughout. The grade of the stream increases towards its 
source and will continue to increase as the ice wall from beneath 
which it flows recedes farther and farther. These conditions, to- 
gether with the constant bifurcation of the stream as it flows down 
the cone, thus decreasing its transporting jxjwer, make it evident 
that the cone will continue to grow in all of its dimensions until 
the glacier which feeds it, lK)th with water and debris, ceases to 
recede, or until the ratio between water supply and the amount of 
debris contributed is greatly changed. 

Another boulder-wash which is being formed by Kwik stream, 
at the foot of the Lucia glacier, is several times larger than the 
one described above, but is of the same type. Mam' others of 
less size were observed at the extremities of the secondary glaciers 
about Disenchantment bay, and about the borders of the Malas- 
pina glacier. These numerous examples seem suflBcient to dem- 
onstrate that deposits of boulders, gravel and sand of the nature 
of those noticed above, are dependent on the retreat of the gla- 
ciers about which they are formed. Should a glacier, after re- 
treating and depositing an alluvial cone, become stationary, it is 
evident that the amount of coarse debris contributed to the streams 
draining it would be greatly decreased. The streams would then 
be in a condition to erode the deposits previously laid down, and 
to cut channels through them. Should a glacier then advance, it 
might override or plough into the deposits about its front, and 
thus still further assist in their removal. 

Owing to the rapid disintegration of rocks under the climatic 
conditions prevailing in southern Alaska, alluvial cones, more 
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nearly allied to those of arid regions than are the great boulder- 
washers jnst described, occur at the mouths of high-grade gorges 
which join broad canons, or valleys, but it is not desirable to con- 
sider these at present. 

The Application. 
From the very clear description of the gravel deposits beneath 
the Muir glacier given b\' Mr. Cushing, as well as from my own 
hasty examination of them, T am inclined to think that they are 
of the same nature as the lK)ulder washer to which attention has 
been directed. In describing the gravels y>eneath Muir glacier 
Mr. Cushing says: — 

'They were deposited by swift currents. The material is all coarse, 
alternating beds of gravol and san<j, the gravel largely predominatingi 
and with little or no admixture of clay. Rapid alteraations of horizontal 
and cross-bedding characterize them. A considerable number of the 
pt'bbles in the gravel are derived from the eruptive rocks far to the 
north. They have their edges rounded but are much more angular than 
are stones which have suffered attrition in water for any considerable 
length of time. They liave rather the aspect of somewhat wtter-wom 
glacial pebbles.* 

Other i)oints of close similarity V»etween these gravels and the 
boulder washes now forming, might be citeil from the reports of 
Cushing and Wright; but it is better, perhaps, that the reader 
who is interested in this discussion should consult the original 
(U'scriptions. 

If we assume tliat Muir glacier formerlv retreated a few miles 
above its present terminus, so as to allow forests to occup}' the 
re<rion about thr h<»a<l of <Jhicier bav. and that from the extremity 
of tlu' retreating .glacier a l)oulder wash was spread out and in- 
vaded the forest, and should the glacier then advance and over- 
ride the deposit of bouldei-s and gravel, we should have an occur- 
rence similar in i^wny way to what is now found at Muir inlet. 

That glaciers <»f great thickness nuiy overrun uncousolidated 
gravels, without disturbing them, is no longer open to question. 
An occurrence of this nature on a much larger scale than at Muir 
inlet, may be seen along the southern margin of the Malaspina 
trUici<*r. niidwav l»etween lev bav and Point Manbv, where the sea 
had encroaclu'd upon the glacier and for al)out three miles ex- 
posed a blutf of ice some three liundre<l ftH»t high, resting on an 

*AMKRirAN <tEOLO<JIST, Vol. H, JK 21U. 
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iindisturbed gravel and boulder deposit. The Quaternary gla- 
ciers near Mono lake, California, are known to have done the 
same thing, as is plainly recorded in the gravel-lined troughs 
through which they flowed, and which still retain their original 
contour. 

A more careful study of glaciers may show that there is a ratio 
between the grade of an ice stream and its rate of flow, which de- 
termines whether it shall erode or protect its bed, or permit of 
the accumulation of debris beneath the ice. 

The manuscript of this paper was forwarded in turn to Prof. Gr. 
Frederick Wright, Prof. Harry Fielding Reid and Mr. H. P. 
Cushing for criticism and suggestions. Their contributions to 
the discussion are given below: — 

CoxTRiBUTrox Bv Prof. (t. Frederick Wrkjiit. 

Mr. Russell having kindly permitted me to read his paper upon *'The 
Origin of the Gravel Deposits beneath the Muir Glacier, Alaska," and 
having asked me to add any suggestions which come to my own mind 
upon the subject, I would say that his explanation of the origin of the 
phenomena seems to me exceedingly probable, aali gives great relief to 
mv mind. One fact which he has not mentioned which I had recorded 
(see Ice Age, p. 57) seems to agree perfectly with Mr. RusselPs observa- 
tions. On the west side of Muir glacier the gravel deposits which have 
covered the forests, and which are now in part overridden by the glacier, 
rise from 100 feet above sea-level at the southern termination of the de- 
posit, to more than 300 feet in the vicinity of the present ice-front, which 
seems to be exactly in accordance with Mr. Russell's theon^ 

This explanation furnished by Mr. Russell of the perplexing facts in 
Muir Inlet illustrates anew the complicated character of the forces 
in operation during both the advance and the retreat- of a great glacier, 
and shows how competent a glacier is to account for most diverse classes 
of facts. With such a cause in the field, we may well hesitate long be- 
fore concluding that we have exhausted its capacity' or resorting to un- 
known causes for the explanation of our facts. 

Oberlin, Ohio, Nov. 10, 1891. 

Contribution bv Prof. Harrv Fielding Reid. 

The explanation given by Mr. Russell of the sand and gravel deposits 
on the shores of Muir inlet seems perfectly satisfactory. From Mr. 
Cushing's observations both he and I were convinced that they were 
formed by running water. The gravels in Main valley and in the valley 
of the Dying glacier probably have a similar origin; in these cases, how- 
ever, they sweep (juite across the floors of their respective valleys- We 
often questioned whether the deposits on the two shores were ever con- 
jiected, without finding any evidence pro or con. 
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The gravels forming these df^posits vary in size from sand to pieces as 
large as one^s fist, rarely being much larger; so it is probable that the 
glacier is now somewhat more extended than when they were laid down, 
and that t!ie upper end of the cone where larger and more angular rocks 
would be found, is still under the ice some distance higher up the valle}'. 
The hiirhest part of the l)luff overlooking the Inlet is about 15(> feet 
above tide, and occurs about whore the glacier ended at the time of 
Prof. \y right's visit in 1886 (see ma[) in "Studies of Muir glacier," shortly 
to be published in the ytitioiml G*'0graphic Muynzine.) According to 
Mr. liusseirs idea they stiould become higher as we ascend the valley; 
as a matter of fact they become lower, being almost at water level at the 
point where the i(!e-i»oint stood in 1800. Hence if Mr. KusselFs explan- 
ation is correct, and 1 think it very probably is, some 150 or 200 feet of 
gravel has been (carried off from this point (and still more higher up the 
valley) since the former great retreat of the glacier. The angular rocks 
spread over the surface of these dt^posits were left there during the 
present retreat of the ice. 

Cliarpontier was the first one, I think, to notice that glaciers will ride 
over gravels* It is a mistaken notion that sands and gravels do not form 
a solid bed. When prevented from yielding laterally, or, what amounts 
to the same thing, when in large amounts, tliey offer a remarkably firm 
support. In soft, marshy lauds it is customary to make satisfactory 
foundations for buildings by driving in piles, withdmwing them, and 
then filling the holes with sand. 

Gkcchnnl, Ohio, Nor. v.Vf/, WUl. 

('oNTRiHrnoN \\\ Mr. II. P. ('rsiiix(j.t 

I have rea<l your MS. with great interest. It clears up several doubtful 
point<^, but I must confess that the main difiiculty under which I labored 
in endeavoring to interpret the phenomena does not seem to be helped. 
Tliat the deposits were formed by overloaded sub-gla(;ial streams waa 
clear to me. It was not clear, however, and is not yet, how they could 
be deposited in such a location. A glance at Reid*s map accompaDying 
my paper, will indicate what I mean. Muir inlet is narrow and deeiji, 
and its shores are precipitous mountain slo])es, except for the narrow 
*l)ace occupied by the gravels, which rest on an old forest soil. As 
stated in my paper, p. ^*21, suppose the ice to have retreated some few 
miles back, whicli is also recpjired in your explanation. As the ice re- 
treated, sea water would follow it, certainly for a considerable distance, 
leaving merely a narrow slojdng shore between the water and the mount- 
ain slopes. How a stream could run along such a shore for any distance 
and build up such a deposit, 1 cannot conceive. After running at the 
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+Mr. Cushing's letter was not intended for publication, but permission 
was granted to use such portions of it as I thought best. The paragraphs 
given above are all that relate directly to the subject under discussion^ 
and are ])resente<l with a few tlight verbal changes. 
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most a very short distance, it seems to me tliat it must liave turned its 
course into the sea. That is, of course, with the relative levels remain- 
ing as at present. That is what puzzles me. With Muir glacier retreat- 
ing, and some distance away from this spot, how is a stream of water 
from the glacier going to be able to reach it? That Muir glacier did so 
retreat, and long enough to allow a forest growth on the mountains all 
around its basin to take place, is certain from the evidence there. (See 
uiy paper p. 223.) I thought it more probable that these gravels were 
deposited during a pause in the advance of the glacier which followed 
the recession, and when it was near tliis spot, simply because 1 was un- 
able to conceive how otherwise streams could have reached this spot 
with their gravels. If this point is well taken the natural conclusion 
would be that the conditions were in some way different from the pres- 
ent, and there being no evidence as to what that difference was, so far as 
I found, nothing remained but speculation. Moreover the deposit 
reaches its greatest hight where it rests against the mountain sldpes, 
in one place 600 feet above the water. Again, as you can see from the 
plate accompanying my paper, where the glacier rests upon these depos- 
its they regularly decrease in hight as the ice increases in thickness, 
showing a diminution in hight toward the north. This may be due to 
the ice over it, but I doubt it. 

This then is my main trouble abjut accepting your explanation. If 
Muir glacier should now retreat five miles, sea water, not forests, would 
occupy the large part of the territory deserted by the ice, and a long 
stream running along a narrow shore parallel to the coast line and 
building up a thick deposit thereon seems to me "agin Xatur,*' as Josh 
Billings would say. 

MunrhrHj (hnnnny^ Dec, 9, 1891. 

The main objection which Mr. Cashing urgcH seems to be that 
the gravels are found on the borders of Muir inlet, but are absent 
from the central portion, where there is now deep water. If the 
explanation I have suggested is the correct one, we must suppose 
that the alluvial-fan spread out by the streams flowing from Muir 
glacier during its retreat, advanced southward and occupied the 
entire width of the valley, and formed a delta when the sea level 
was reached. Only the marginal portions of this deposit are 
now exposed; the central portion, and most of the surface, as 
suggested by Prof. Reid, having been eroded away. The greater 
erosion along the axis of the valley may have been due to the 
advance of the glacier which was capable of re-opening the 
central part of the channel where the ice current was deepest 
and most rapid, while remnants of the interglacial gravels were 
left at the sides. 

Washington, D. C, Dic, ^2. 1S9L 
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EDITOEIAL COMMENT. 



THK SO-CALLED LArREXTIAX LIMESTONES AT ST. JOHN', NEW 

BRUNSWICK. 

We lire obliged to Prof. Matthew for stating coiicisel}' the evi- 
dence of the Archean age of the limestones which at St. John 
contain the newly discovered fossils mentioned in the Geologist 
for Jannarv, p. 55. We do not intend to take issue strongly with 
Prof. Matthew on a i^uestion pertaining to the geology' of his own 
region. We only intended, in onr note calling attention to the 
l>ossible primordial age of the fossils he has described, to direct 
his attention to the lack of demonstration that they are of the age 
to which he has assigned them. Since he has taken the pains to 

(I nest ion the validitv of our doubt, we will state more fullv the 

«• »■ ■ » 

several facts which form its basis: 

1 . The base of the Taconic (which here we use as equivalent 
t<» primordial), is everywhere a quartzyte associated with a lime- 
stone. Usually the limestone overlies, but in some cases it is in- 
terbedded with or blended with the siliceous rock, constituting a 
tine-grained cherty limestone. It is not necessary to mention all 
the localities when* this is known to be the succession. In Yer- 
nioiit it embraces the (rranular (Quartz and the Winooski marble, 
followed by a serit's of reddish, tufaceous. siliceous sandstones 
and shales which are probably the remote effects of oceanic vol- 
canoes which broke out immediateh' after the deposition of the 
Winouski limestone. It is a desideratum to ascertain the strati- 
grai)hic succession from the limestone to the chronologically over- 
Ivintr strata in the Vermont district, but further south Prof. Dana 
has traced the limestone (under the name of Stockbridge lime- 
stone) through Massachusetts and Connecticut to Courtland, N. 
Y., where he found it upheaved and overwhelmed in the eruption 
of the (Nairtland gabliros. Intermediate points indicated that 
they took on the aspect of crystalline rocks, and indeed that much 
of the 'Laurentiun'' of western Massachusetts and Connecticut 
(in which to this day no fossils have been found) is of the age, ex- 
actly or n(»arly, of these basal Taconic rocks. The mineral chon- 
drodite wns considered diagnostic of the Laurentian age of thi3 
limestone. 

2. In Vermont characteristic Taconic fossils have been found 
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by Mr. Walcott in this quartzyte, and in northwestern New Jersey 
they have been found by Mr. Beecher in the same strata aasocl- 
atrd with cliondrodite. These strata are unconformable below the 
later series at Rutland, Vt. 

3. The Courtland (N. Y.), gabbros are repeated, and of the 
same age, in the Adirondacks. They here broke out at the same 
<late and buried these strata under immense floods of eruptive 
rock. As in Vermont and in eastern New York this horizon is 
the great iron-bearing horizon of the region ; but in northeastern 
New York an element is introduced into the iron which is not 
found when there was no actual outflow of basic rock, viz. , titanic 
ores abound, these being a characteristic native element of gabbro. 

4. It is only recently that the elfect of this early Taconic 
eruptive period has been located farther north, viz. , in the St. 
Lawrence valley. Mr. Ells has carefully described the so-called 
< 'Quebec Series" of the Canadian geologists. He has found the 
primordial portion of it to consist of two parts, viz. , a series of 
shales and sandstones, and a series of quartzytes and limestone, 
the latter series being anconformahlc Mow the former. This un- 
conformit}^ we take to mark the date of outbreak of the Adiron- 
dack and Courtland eruptives, and especially so as the rocks are 
said to contain large admixtures of volcanic materials, and as the 
lower strata are lithologically identical with those which ante- 
dated that outbreak in Vermont and New York. The red shales 
of the upper Siller}' are the Georgia shales and sandstones of Ver- 
mont. 

5. Without referring to intermediate localities, the strati- 
graphy of which might l)e considered, in this review, of question- 
able purport, we will mention only the succession in the North- 
west. In northern Wisconsin, according to Prof. Van Hise, not 
only arc the basal rocks of the upper iron-bearing series (the Ta- 
conic) a cherty limestone and a quartzyte, but an erosion interval, 
introducing a distinct non-chronologic succession and an uneon- 
/br?ni7^, separates them from the later strata of what he has called 
Huronion but which we consider the later Taconic. Although 
there is a belt of gabbro rocks at other points in Wisconsin their 
relation to this erosion interval and to this non-conformity has not 
been pointed out by the Wisconsin geologists. 

6. However, on the north side of lake Superior, where Prof. 
Matthew has described primordial fossils from the stmta succeed- 
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iiig this great break, this relationship has not only been inferred. 
but the actual date of the gabbro flood has heen established by 
ample field evidence, and then' also the quartzyte and the lime- 
stone (which latter however is almost wanting) are the only strata 
that are overwhelmed in the eruption. The Animikie black 
slates, which are abundantly interstratified with eruptive mate- 
rials, mainly in the form of consolidated ash, making now varioiis 
«*greenst(mes,''into which the slates graduate, followed the date of 
this eruption and fade off upwanl into the red shales and sand-stones 
that have long been known as characteristic of the Cupriferous 
series. These red shales we consider the chronologic analogue of the 
(c(»orgia formation of Vermont, and the upper Sillery at Quebec. 

7. The succession of geologic events and the order of stratifi- 
cation which have been worked out at St. John bv Prof. Mat- 
thew. are, tiianks to his statement of them, so nearly identical 
with what has been worked out in sevenil places in the United 
States at the same geological horizon, that it seems the course of 
prurience to hesitate alK)Ut continuing the old idea of the Lauren- 
tian age of those* St. John limestones. The trend of evidence is 
toward placing them at the l)ottom of the Taconic. Whether 
they should be included in the (^ambrian depends on the limits 
and definition wliich may be given to that term. 

Below theses so-called Jjaurentian limestones and quartzytes 
there is to be found, if the succession in New Brunswick is iden- 
tical with that in the Tnited States, a profound non-conformity. 
The older strata, the true Archeau. are highl}' tilted, or vertical, 
and present their edges abruptly against the non-conformable 
overlying beds. This erosion interval has been pronounped by 
J>r. hawson the greatest in geological history, and it is a datum 
of the first order for establishing, in North America, the base of 
the primordial series, for primordial fossils have been found in 
several localities. l)ut little above this plane. 

IN NKKI» OF AN KDIToR. 

Far be it from the Amkkkan (rKOLoaisT to disparage any effort, 
however humbl<\ to spread the knowledge of any subject in the 
department in which it is it.self engaged. With this feeling it 
welcomes to the fiehl every new attempt to popularize the science 
of geol< »gy and its companion study, mineralogy. But all who 
.seek to accomplish this end shouhl themselves l)e at least ac- 
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4uainted with the rudiments of the science. Otherwise they will 
be only blind leaders of the blind and will meet the traditional 
fate of such leaders and such led. 

We take the following from the '^Mineralogists' Monthly" 
for January, 1892. As this periodical has reached its seventh 
volume we think it should have outgrown its childhood and be 
incapable of perpetrating such enormities and of misleading those 
amonir its readers who know no better than its editor. 

''AuioQjjother specimens we observed a six-sided prism of quartz which 
we were told by its owner was in a plastic state when taken out of 
the ((iiarry. This gentleman showed us the portion of the prism he had 
cut off before the crystal hardened which it did very soon after being 
exposed to the air." 

'*We (the contributors of the note) are not sufficiently versed in the 
mysteries of mineralogy to be able to say positively whether a quartz 
crystal, however pure or impure, can be dissolved or made plastic by the 
action of strong acids except the powerful hydro-fluoric." 

Again we read: 

*' A Passaic stone-cutter has a curiosity, a petrified rat, found in a block 
of browQ stone. While preparing a six-foot block his chisel sank into a 
cavity The workmen thought it strange and laughingly advised him to 
examine it, suggesting that it might contain a diamond or a nugget of 
gold. He peered into the hole and was astonished on finding a petrified 
animal resembling a rat. Every part was well preserved. Experts are 
sure that it is a rat. The little creature's anatomy had remained perfect 
for all the period since the formation of the stone. Every claw, tooth 
and vertebra was present and well preserved. The skin had lost its hair 
and time had dried the form slightly but petrifaction had preserved it 
in its dark prison." 

The stone-cutter's astonishment was justifiable, but there is 
cause for greater astonishment in the fact that at the present day 
an editor of a so-called scientific magazine can be found who 
is wnlling to publish such stutf. All editors get more or less of 
this sort of nibbish and while these stories may pay in a sensa- 
tional newspaper they are utterly out of place, not to say dis- 
graceful, in the columns of the cheapest scientific journal. Of 
what value is an editor if not to winnow out such chaff from the. 
wheat? It is fair to presume that in this case the editor knows 
more than would be inferred from the extracts given al)ove. 
Otherwise he would scarcely assume the position of conductor of 
the -'Mineralogists' Monthly.'' But if he desires succt^s in the 
field on which he has entered we counsel him to aim at a higher 
standard and to be more critical over the matter that he chooses 
for insertion. Otherwise even at fifty cents a year his periodical 
will -'take in" rather than "be taken in." 
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EE\aEW OF RECEXT GEOLOGICAL 

LITERATURE. 



The three following papers are extracts from the Tenth Annual He- 
port of the New York State Geologist, 1891. 

1. NotcH on the genuM Andmpis^ 13 pp., 8 plates. By J. M. Gierke. 
In his revision ol Acida^pis and related genera the author adopts a rela- 
tion towards the earlier work of paleontologists which it is to be ho|)ed 
will be more generally followed. "To ascertain as far as possible from 
the descriptions by earlier writers, their intentions. The original diag- 
nosis may have been brief, all too brief to satisfy the present require- 
ments of our science, their illustrations insufficient or faulty, but it will 
not suffice to reject a name upon these grounds alone. *Too imi>€rfectly 
described to be identified,' is a decree which often veils an unbecoming 
aspiration after immortality unrelieved ])y an abiding conviction of the 
necessit}' and justice of making every effort to establish the results of 
another's investigations." 

Ceratocephaln, Warder, is retained and defined. Barrande objected to 
the use of this name on the ground that a very similar name had been pro- 
posed earlier by de Candolle, Ceratocephalus, " For us, however, the ex- 
istence of de CandoUe's term does not in the least affect the value of that 
of Warder, as the two words are different." In this connection we wHl 
restate a pertinent (luewtiou recently raised in an editorial on ** preoccu- 
pied names," in the Anurioni Naturalist for July, 1891 : " If a difference 
of two letters is n(»t enough to preserve two uames, it becomes a question 
how many letters will constitute diversity, and so on. * * * The fact 
is the (^hanging of a name which differs ])y a single letter from another 
name has no warrant in any rule or in common sense." 

The author then gives the history of a number of related generic 
names which have more or less fallen into disrepute but are shown to 
have a sub-generic value. (Ji'ratoc.iphala is divisible into two sections; 
the first with (1) Otfontopkura, Emmerich, (2) Acida^tpis, Murchison (syn, 
Aanithohnna^ Corda), {}\) Ceratoc^phala, Warder (syn. Trapelocera, Corda), 
and (4) Dirrannrun^ Conrad; the second section with Selenopelti's, Corda 
(syn. Polycrciiy llonault). A new sub-genus, Aneyropyge^ is established on 
Acidaspis romiufjeri Hall, with the generic relation nearest to Cerato- 
ciphnUi. 

The Xorth American species of which sufficient is known for sub-gen- 
eric classification are arranged thus: GeratotrphaUi^ Warder seosu 
stricto: C. goniata Warder (syn. Andaapis danai Hall, A. ida Wlnchell 
and Marry). Acidaspif*, Murchison: -4. anehoralis Miller=?? A, cenUepia 
Anthony, A. Tuhcrculatii4i Conrad. Odontopleura^ Emmerich: 0. trenton- 
tinsis Hall, sp., 0. parvula Walcott, sp., 0. Judli Shumard, sp., 0. cr0$§eta 
(Locke?) Meek, sp., 0. 'jmuilli Miller, sp.,0.(>r^//Ji Foerste, sp., 0, eaUiwra 
Hall, sp., i)/rraw»/r»/^ Conrad with hawafus Conrad. Ancyrapyge^ Clarke 
with rominyeri. 
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2. Observations on the Teraiaspis grandis Hall, the largest known trih- 
bite, pp. 6 and one folding plate. By J. M. Clark r. 

This valuable paper contains measurements of all of the larger trilo- 
bites known. We learn that with the middle primordial fauna some of 
the largest species of trilobites have their appearance; Paradoxitks with 
a length of eighteen inches. The author mentions a number of very 
large Silurian and Devonian species of various genera. A large plate is 
devoted to a well-executed outline drawing of a restoration of Terat-aspis 
grandis, a species occurring in the Lower Devonian of New York and 
Canada. This restoration measures nearly twenty inches in length. If 
however, the largest cephalon yet discovered of this species were taken 
as the basis of a restoration the author says it "would represent an indi- 
vidual fully 24 inches in length, a size unsurpassed and unequaled by 
any other known trilobite." 

"With this extravagant armor of defense and aggression, Terataspis 
grandis must have been easily lord of his invertebrate domain and no 
very palatable morsel for the heavily plated fishes of his day." 

3. Note on Coronura aspectans Conrad (sp.), the Asaphus diurus Green, 
pp. 7, 1 plate. By J. M. Clarke. 

The New York State Museum of Natural History has recently obtained 
an entire individual of Asaphas aspectans Conrad, measuring 5Js inches 
in length. This specimen proves conclusively that Dalmania helena Hall, 
Dalmania ohioensis Meeti and Asaphns aspe-ctans Conrad, are one and the 
same species. The auther believes, however, that this species was de- 
scribed two years earlier than Conrad's by Dr. Green as Asaphvs diuinis' 
This species will therefore be known as Coronura diura Green, sp. 

CorreUUion Papers, Cambrian, Bulletin No. 81, of the U. S. Geological 
Survey. C. D. Waixott. 8vo, 447 pp., Washington, 1891. 

The second of the "Correlation Papers," is based upon an entirely dif- 
ferent plan from its predecessor (No. 80, Devonion and Carboniferous). 
At the outset it is stated to be an "unfinished memoir." It is not a cor- 
relation essay in the strict sense of the term, but "an account of the pres- 
ent knowledge" of the Cambrian group. It is largely historical in its 
method, and the references to papers treating of the subject are very full 
and complete. This is shown by a list of 655 papers which are referred 
to in the course of the bulletin. The historical review of the literature 
occupies 187 pages. This is followed by a chapter on nomenclature, and 
this in turn by one giving a summary of the present knowledge of the 
formations. Problems for investigation, and the criteria and principles 
used by authors in the correlation of the parts of the group, close the 
volume. The Olenellus fauna is considered to mark the base of the 
group and the Dikelocephalus fauna the summit. This delimitation is 
based on the principles enunciated by Lapworth that a great geological 
group rests on the zoological features of its fauna and not on a local 
stratigraphical break; that the most reliable chronological scale in geol- 
ogy is that of zoological change; and that the duration and importance 
of any system in geology are in proportion to the magnitude and dis- 
tinctness of its fauna. 
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Tho division of the Cambrian into Lower, Middle and Upper is ad- 
hered to throughout the volume, and the country is divided into four 
irreat provinces as follows: The Atlantic Coast or Eastern Border; the 
Appalachian; the Roclsy Mountain or Western Border; and the Interior 
Continental or Central. Under each one of these heads is given a his- 
torical review of the literature pertaining to it; and it is followed in each 
case by a notice of the paleontology. This serves as an index to the 
species described from various localities and by different anthers. 

1'he recognition of the Cambrian as a separate and distinct geological 
^ystom or group is of (juite recent origin. Most of the early writers who 
described rocks now referred to the Cambrian placed them in almost 
overy system but that one. The Potsdam (8t. Croix horizon) now the 
Upper Cambrian, was lon< considered to be the base of the Lower Silur- 
ian. The age of the Braintree, Massachusetts, beds (Middle Cambrian) 
was not known until about 1857, when the identification of Parftd&xidii 
from there caused them to be referred to the Primordial ^f Barrande, 
l)el()w the Potsdam. These beds were then supposed to be the oldest on 
the continent, and they were regarded as Lower Cambrian until 1888 
when Mr. Waloott observed in Newfoundland rocks containing a similar 
assemblage of fossils above a zone with Olenellus. It was only then that 
in America the actual sequence of the Cambrian formations was settled, 
bringing al)out an agreement with the earlier determinations of the Scan* 
dinavian geologists. It is easy to see that the study of the group is in its 
infancy. 

These facets have rendered it diflicult to arrange the material In a con- 
venient form for reference, and have made it nearly impossible to pre- 
sent any detaih^d study of correlation. We find, therefore, that the bul- 
letin is a history of the literature of the Cambrian rocks in America, and 
the ^xreat number of problems still awaiting solution (covering eleven 
pa.ires of the l)ulletin), serve to show how much remains to be done be- 
fore ji full knowledge of the group is obtained. 

In the Hyiiopsis of the group (p. 359) it is said that the Cambrian is 
linnly established ]>y the presence of 0,000 feet of limestone and 10,000 
feet 01 (juartzite in the Kocky Mountain region; by over 12,000 feet of 
(luart/ites, shales, slates and limestones in the Appalachian region; by a 
4'ontinental distribution and a characteristic, highly differentiated fauna. 
This is followed by a table giving the typical exposures of the Upper, 
Middle and Lower Cambrian and the rocks correlated with them. In 
substance it is as follows: 

Tui'^- CorrfUitiouH. 

, A<li^oIul)K■k^ (N. Y.) 
I D^ltt•he^•. Co. (N. Y.) 

1 M«rbU» Belt (Vt.; 
Knox SliuU'rt (Tenn.) 
,-.„^.., I Coimiisaugn ((ill, und Ala.) 

< <^JJ.^. V Pot-dam ; St. Croix i:Mi..h.VallMy.> 

» AMKiuAN. ' Tonto (Arizona.) 

Kntt»nu y (Texas.) 
Ilainbiif^' ^Nevada.) 
(lallatin (Montana.^ 
Belle Nle (Labrador.) 
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Middle ^ ?"l"^ ^ SUBuing m. Y.) 
CAMBRIAN. / Avalon Mt. Stephen (Brit. Col.) 



Lower ' 
Cambrian. 



Georgia 
Red Sand- 
Rock 



Granular Qaartx (N. Y and Vt.) 
Chilhowee (Tenn.) 
Labrador. 

Placentla (Newfonndland.) 
nanford (N. B.) 
AttleborooKh (Masfi.) 
Prospect (Nevada.) 
Cottonwood (Utah.) 
Castle Mt. (Brit. Col.) 



The base of the Cambrian is drawn at the lower limit of the Oleaellus 
fauna. The summit of the group while placed at the upper limit of the 
Dikelocephalus fauna is in the Nevada district drawn arbitrarily, for the 
genera Asaphiu*, Dikelocephnlus and Ptyclioparia occur there on the same 
surface of rock. "It is not, however, by the specific break in the fauna 
that the two groups are separated; it is the general fades of the fauna 
referred to the Cambrian and that referred to the Silurian" (p. 303). 

Three maps accompany the bulletin. One of these shows the outcrop 
of Cambrian rocks in the various provinces into which the country has 
been divided. A second shows ])y vertical sections the sedimentation at 
different points, and on a theoretical section the vertical contour of the 
continent at the end of Cambrian time, while the third is a hypothet- 
ical map of North America at the beginning of Lower Cambrian time. 
Many subjects are treated which cannot be alluded to here, and the bul- 
letin is full of information for those desirous of a better acquaintance 
with the rocks of which it treats and the pioblems connected with them 

A Classification of Mountain Ranges According to their Structure^ Origin 
and Age, Warren Upham. (Appalachia, Vol. vi, No. 3.) 

This consists of a review of the mountain systems of North America, 
with incidental mention of some others. Its evident purpose is to make 
clear the relation in time, and inferentially in cause and effect, between 
mountain elevations in the later Tertiary and early Quaternary time, and 
the Glacial epoch. This central idea finds its illustration in the mountain 
ranges of the western portion of North America. The "arched mount- 
ains" illustrated by theUinta range of northeastern Utah, dating from 
early or middle Tertiary, and by the Junction and Yampa mountains, 
dating from the same time; the "domed mountains," viz: the laccolitic 
Henry mountains in southern I'tah, rising about the middle of the 
Eocene; the "tilted mountain" ran^e^es, such as the Wahsatch and the 
Sierra Nevada which were formed in early Quaternary time, and the 
later smaller tilted ranges of the "great basin" — blocks of the earth's 
crust raised bodily above the surrounding areas by abrupt fractures that 
penetrated deeply through the strata and then settled unequally, so as to 
assume a "tilted" position; — and many "erupted mountain ranges," or 
volcanic cones and ridges formed by ejected lavas, bombs and ash, per- 
fectly illustrated by the Cascade range which crosses Oregon and Wash- 
ington, dating from late Tertiary and early Quaternary, — all these, which 
constitute some of the most unique and remarkable mountain ranges of 
the United States, are shown to have been produced just prior to, or con- 
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temporary with, the greatest exteoBion of the glaciers of the Glacial eixx;h. 
The author believes that the great weight of the accumulated ice caused 
a sinking of the earth*s crust, and that such sinking had its coniplemf nt ^ 
in the contemporary rising of other areas nearly contiguous, or perhaps 
more remote, causing fractures, faults, volcanoes, laccolites ar^d elevated 
dom(>s. 

Mr. Uphaiii also traces a relation between the great ancient lake» 
(Bonneville and Lahontan) and the glacial period. The tirst flooded 
stage he considers was contemporary with the second glacial ei>och, and 
the second high stage was due to a third epoch of glaciation in the 
northern part of the Cordilleran region. 

These orogenic movements, so called by Gilbert and White, are to be 
distinguished from the cpirogeuic, which consist of slower and grander 
elevations of large contiuental areas. The unequal denudations of these 
larger areas result in the carving out of mountains which constitute 3Ir. 
I'pham's sixth class — "eroded mountain ranges." Such are the Crazy 
mountains in Montana, atid the Uighwood mountains, twenty-tive miles 
oast of Great Falls. Turtle mountain, Pemlnna mountain, Riding, Duck 
and Porcupine hills in North Dakota, illustrate this structure. Tliis 
epirogenic mov<»meut also took place at the close of the Cretaceous, or 
early in the Eocene. Indeed, the **Tertiary era seems to have been ter- 
minated, and the Quaternary ushered in, by a new epirogenic differen- 
tial uplifting of this continent, causing the accumulation of the ice-sheet 
of the first Glacial epoch." * * * **There have been two epochs pre- 
«*minently distinguished by extensive mountain plication, one occurring 
at the close of the Paleozoic era, and unother progressing through the 
Tertiary and culminating at the beginning of the (^uatemar}' era, intro-^ 
ducingtheice age." * * * "With the culminations of both of these 
great epochs of mountain building, so widely separated by the Mesozoic 
and Tertiar}' eras, glaciation has been remarkal)ly associated, and indeed 
the ice accumulation appears to have been caused by the epirogenic and 
orou^enic uplifts of continental plateaus and mountain ranges." 

Within the s(r()pe of the paper the author has gathered most of the 
collateral American data derived from a study of mountains, which go to 
illustrate, if not to demonstrate, his theory of the cause of the glacial 
epoch, viz., continental elevation. 

General Accaunt of the Fresh-water Morasses of ths United State9^ foitk a 
description of the Dismal S tramp District of Virginia and North VaroUna, 
By XATii.vNiKLS(>UTH(iATE SiiAi.Rii., pp. 255-389; with plates vi-xix, and 
37 figures in the text. (Accompanying the Tentli Annual Report of the 
Director of the U. 8. (ieol. Survey.) 

The swamp lands capable of drainage and use for agriculture in the- 
United States, east of the Cordilleran mountain belt, are estimated to 
comprise somewhat more than 100,000 st^uare miles. Professor Shaler 
states that fully one-fifth of the most fertile fields in Great Britain and 
Ireland, also large tracts in northern Germany and in the valley of the 
Po, have been won in such bog districts: and he believes that the aggre- 
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^ate valu(> of these now inundated areas in the eastern half of our country* 
when drained and brought under cultivation, will be not less than that 
of all the present rich farming lands of Ohio, Indiana and Illinois 
together. 

The processes of formation of the delta swamps of the Mississippi vailey 
from the Ohio river to the gulf of Mexico are admirably described. This 
'great river is remarkable in being the only one on our continent that has 
formed a delta filling the inlet of the sea at its mouth and projecting 
l)e3'ond the general coast line. From the indentations of the shore at the 
mouths of other rivers, the most notable being the Chesapeake and Del- 
aware bays, into which the tributary s*reams have built no delta depos- 
its above the sea level, it appears that the continent has lately been much 
•elevated and more recently has undergone subsidence. 

Vegetation Mn many forms, as peat mosses, forests and their under 
brush, and the mangroves of the southern coast, have been very efficient 
to retard the drainage of lands having only slight slopes, thus producing 
swamps and extending their area. The surface of the Dismal swamp 
has a descent toward its borders at an average rate of about twenty inches 
per mile, and the forest is extending itself into the shallow lake Drum- 
inond in the central part of the swamp. 

Pliocene sand beds, which have yielded twenty-nine species of marine 
•shells, five of them extinct, underlie the Dismal Swamp district, and are 
thinly covered by unfossiliferous Pleistocene sands. The Nansemond 
escarpment, cut by the sea in the upper sands when the district for some 
time was submerged about thirty feet more than now, extends from 
Suffolk, in Virginia, south to Albemarle sound, and forms the west border 
of the Dismal swamp. The changes of relative elevation thus indicated, 
and several other small oscillations preceding and following it, of which 
the regi'»n affords evidence, are regarded as not improbably referable 
<jhiefiy to the effect of ice attraction upon the sea, and to the subtraction 
of its water to form ice-sheets, during the epochs of glaciation of the 
northern part of this continent and of Europe. 

The Penokee Iron bearing Series of Midiigan and Winconsin, By 
KoLAND DuER IiiviNG and Chaules Hichakd Van Hise, pp. 341-507; 
with plates xx-xlii, and five figures in the text. (Accompanying the 
Tenth Annual Report, U. S. Geol. Survey.) 

This is an abstract of a monograph by these authors, which is now in 
press and will soon be published. A belt a few miles wide and about 
eighty miles long, extending from lake Gogebic, in the upper peninsula 
of Michigan, westward to lake Numakagon, in northern Wisconsin, is 
elaborately described; and the origin and relations of its rock formations 
and of its large deposits of hematite, recently opened by extensive mining 
operations, are discussed at length. Owing to the lamented death of the 
senior author after this work was far advanced, its preparation for pul)- 
lication has been chiefly done by his associate and successor in charge 
of the Lake Supeiior division of the survey. 

The Penokee series, occupying a width that varies from a quarter of 



"2()S 1 he American Geologist. March, ihw 

a mile to about three iiiilcB, is underlain on the south by a complex 
group of granitef , gneisses, and schiRtH of Archieaa age, and is overlain on 
the north by the interbodded eruptive and fragmental rocks of the 
Keweenawan series, the wliolo section having a steep northward dip. 
The Penokee and Keweenawan series are clansed together as belonging 
to the recently named Algonkian period, between the Archiean or Lau- 
rentian and tlie Cambrian or Taconic, uearh' e<inivalent to the Huronian 
period of the Canadian «reologi8ts. 

A cherty limestone, attaininir a maximum thickness of 300 feet, is the 
lowest member of the Iron-beariuir series in the Penokee region. 
Whet er it was originally of chemical or organic origin is undetermined, 
but it gives no evidence of having been fragmental. 

The noxt member, calb'd tiuartz slate, is a detrital formation, averag- 
ing about 450 feet thick. 

Upon this rests the iron-bearing member, in which all the known ore 
bodies orcur. It is uuiinly about ^^50 feet thick, and consists of slaty and 
often cherty iron car))oiitite, ferruginous slates and cherts, and actinolitie 
and magnetitic slates. All these rocks are believed to have had a 
chemical or organic origin, none being accumulated as mechaDical 
<letritus. The ores are soft, red, somewhat hydrated hematite, derived 
by concentration from the lean carb(mates of the formation through the 
action of infiltrating surface waters during or after the uplifting and 
partial erosion of the scries. 

Succeeding next above tliese strata is the upper slate member, the 
highest of the series, which in places is several times as thick as the 
tliree lower members combined. It is a slate or mica schist, chieHy 
composed of quart/, and feldspar, and thin sections usually reveal its 
fragmental cliaracter. 

The four divisions arc conformabh» with each other through all their 
extent. Many dikes of diabase, varying from a few inches to ninety feet 
in width, intersect the s«»ries, whi(;h also in some portions contains 
intcrbedded sheets of diabase, apparently intrusions rather than over- 
flows. 

Hhniiitts nf Cr(/x(aJfof/nijihi/^ by (tko. 11. AVimjams, Ph. D. Second 
edition. New York. Ilenrv Holt ^ Co. 1^01. 

The appoariince of a second edition of the ''Elements of Crystalt,o- 
graphy" so soon aftor the issue of the first, is the best proof of the need 
which has existed for such a book. Hitherto there has been no satisfac- 
tory exposition in the English language of elementary crystallography,. 
if we t^xcept, perhaps, liauermau's '^Si/Mtfnufir Mineralogy^^ which has 
not wwX with favorable acceptance in this country, aad which in some of 
its features is objectionable as a book for beginners. With the growth 
of the science of mineralogy, particularly on its physical side, with the 
increasinir interest amonir chemists in the relations between chemi- 
cal properties and crystallographic form an<l with the rapid modem de- 
velopment of petrography as one of the most important departments of 
Ideological science, there has sprung up in these various departments of 
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instruction a very urgent demand for an elementary text book of crys- 
tallography. That Prof. Williams' book meets this demand will be con- 
ceded by the great majority of teachers and students of the subject. 

Apart from its practical aspects as an essential auxiliary to the study 
of mineralogy, petrography, chemistry and physics, crystallography has 
an important place in any thorough educational scheme as affording 
probably the best insight into the symmetry of natural forms ; and in its 
philosophical suggestiveness as to the constitution of the universe, the 
study is entirely comparable to the study of elementary astrononi}*, the 
laws with which the student becomes familiar in both subjects being 
alike mathematically rigid and yet extremely simple. 

For many reasons, therefore, it seems probable that the study of crys- 
tallography will in future play a more important role in American col- 
lege and university curricula than has been its fate in the past, and we 
therefore welcome gladly this clear and concise treatment of the elemen- 
tary principles of the subject as a vigorous step in that direction. • 

The book is not entirely above adverse criticism; but its shortcomings 
are few when compared with its many good qualities. The considera- 
tion of the theoretical possibilities as to the mode of molecular arrange- 
ment in cr^'stals, which meets one in the opening chapter, might with 
advantage to the student if not to the book, have been postponed till the 
comrete actualities of the subject had been discussed. The numerous 
cuts throughout the book are well executed, and the two plates, one of 
limiting forms and the other of combinations in the isometric system, 
are all that could be desired. Prof. Williams is to be congratulated on 
the success of his book and of his efforts to present to American stu- 
dents in simple form a department of science whose proper treatment 
has up to the present been found only in the elaborate works of the 
(Jerman authors. 

Si/st< matte Mineralogy^ based on a natural classification, Thomas 
Stekuy Hunt. 8vo, 391 pp. The Scientific Publishing Company, New 
York. 1891. 

No student of mineralogy can pass beyond the stage of the novice with- 
out becoming painfully aware of the loose, if not chaotic, condition of its 
systematic nomenclature. The most trivial circumstance or quality hi s 
often been exalted above the fundamental principles of chemical compo- 
sition in assigning a mineral species a name or a place in classification. In 
the infancy of the science it was necessary to apply such designations, but 
as these became often synonyms, or as they were multiplied through the 
labors of many investigators, it became apparent that some system of 
classification and elimination must be chosen. Tiiere sprung up two 
rival schemes, known as the ^'natural history" method and the "chemi- 
cal" method. Werner, Mohs, Jameson, Breithaupt, Shepard, and, at 
first, Dana, employed the natural history method, and Berzelius, Clarke, 
Cleaveland, Phillips, Rammelsberg, and at last Dana, and nearly all later 
authorities, employed the chemical method. The former ignored chem- 
istry, and the latter ignored the physical characters, speaking broadly, 
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and they were therefore at once, and continually, in antagonism. Mean- 
time, as a common ground, on which they could compromise, the con- 
testants, by the necessity of intelligent discussion, fell mutually into the 
practice of using *Hriviar' names for all mineral species, and as time 
elapsed these names have become, at this day, the only ones in use. The 
chemical classiticati^, though not having any acceptable nomenclature 
based on it, has Ix^en strengthened by continual advance in the knowl- 
edife of the chemical composition of minerals, and in the philosophy of 
chemical combinations, until it is not too much to say that not any living 
author of systematic mineralogy, however strongly he may insist on 
physical characters, but discusses and depends largely on the composi- 
tion of minerals for the ultimate determination of their places in his 
scheme. In nomenclature, however, there has been little or no change. 
It is Dr. Ilunt^s task to show that physical characters are bnt the ex- 
pression of chemical characters, and that they cannot be divorced, and 
that a ^'natural claesiUcatlon*' must take cognizance of both. He has 
presented therefore a system which is both natural and ehemiedl^ and has 
covered it with a binomial Latin nomenclature which divides all the 
known minerals into classes, orders, genera and species. The classes 
and orders are determined essentially on chemical grounds. The genera 
are arranged from physical difference and resemblances, and the further 
definition of the species is the work of chemistry. All the mineral 
species are tlividod into four classes — Metallacenp, HalidaceK', Oxydaceti* 
and P\Tocau8tacea*. Order IV, in the class Metallacea% is thus C4>in- 

posed : 

Orderly. PYUITINEA. 
(ieniis I. Pyiutks. 

M«*tallic sulphides //> 5. r <5 

1. I*vritert rutheiifUf. Laurite. 

•i. " " vnl^rari^ Pyrite. 

:j. " MicmidiiH Marcasite. 

I. " robnltHiiM Linnaeite. 

."u " nircoUMiB Sle^nlte. 

»». " ciiprocobnlteus Carrollite. 

7. " chroinicii!* Daabreelite. 

'I'hfvwork, with its accompanyin«r tliscussions of chemical philosophy 
and mineral physiology, is the culminating result of a life-long study. 
We consider it Dr. Hunt's rh*f tf ieurrf\, and the most important addition 
which American authors have made to the science of mineralogy. Dr. 
Dana's great volume, SifnUm of Mineralogy^ is a vast compilation, ar- 
ranged under a loose chemical classiUcation, but makes no attempt to 
justify its philo8ci)hy— if it may be said to have any. On the contrair^ 
Dr. Hunt's work marks an epoch in the science, as it discusses from new 
standpoints and rea<ljusts, in accordance with the latest chemical philos- 
ophy, all the discordant material, and establishes a fundamental skeleton 
on which the future may build a symmetrical structure in mineralogy. 
It seems to answer to mineralogy as the classification of Linnsus does 
to botanv. 

<inii1f to IWtii/iort\ trith an Arrounf of the Geology of it$ Sntironi* 
(iKoinJE II. WiLiJ VMS. Prepared for the American Institute of Hlning 
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Eugineers, Baltimore meeting, February, 1892, 12mo, clotli, pp. 139. 
Issued by the Local Committee. 

Besides the usual announcements and descriptions of the institutions 
of the city this volume contains a concise account of the geology of Bal- 
timore and its vicinity, with two geological maps, based on excellent 
contoured maps by the U. S. Geological survey (** Baltimore sheet"). The 
crystalline rocks are described by Dr. WiUiams, and the physiography 
of the origin and geology of the sedimentary rocks by N. H. Darton. It 
makes a very useful and valuable compend for the general student of 
the region. 

Description'of a new species of Panenknk from tlie Corniferous Limestone 
of Ontario, by J. F. White aves.— {Can. Rec. Sci. Vol. IV, No. 8, Oct, 
1891. pp. 401-404, with plate.) 

Panenka f/randis, the species described was collected at St. Mary's, 
Ontario. The specimen figured is six inches and four-tenths in length, 
and four inches and two-tenths in hight. 

yotf on the Occurrence' of Panc.Upiral Operctda of Gmterapoda in tlu 
GuHph Formation of Ontario, by J. F.Wiiiteaves. (Can. Rec. Sci. Vol. 
IV No. 8, Oct 1891. pp. 404-407.) 

A specimen figured has a length of 20 mm. and a breadth of 16 mm. 
They resemble the opercula of Litorina and Natica, and the conjecture 
is ha/arded that they may belong to Holopea gracia or H. harmonia, of 
Billings. 

Sh<yi't NotcH on some Canidian Mintrah, by W. F. Fekuieu. (Can. R^c. 
Sci.Vol. IV, No. 8, Oct., 1891. pp. 472-476, with plate.) . 

The minerals noted are native arsenic from near Thimder bay, lake 
Superior, molybdenite from Labador; upkalerite or blende, from Bauce 
Co., Quebec; particularly fine crystals of pyrite; inartite from Lanark 
Co., Ontario; kermesite from Haut Co., Nova Scotia; quartz crystals 
with concave faces; black spinel from Ottawa Co., Quebec; anhydrite 
and ijypsum from the Laurentian crystalline limestone of Lanark Co., 
Ontario. 

RECENT PUBLICATIONS. 



/. State and Ootemment Reports. 
The following bulletins of the United States Geological Survey have 
recently been issued: No. 62: The Greenstone-Schist Areas of the 
Menominee and Marquette Regions of Michigan, by G. H. Willii\m8; 
No. 65: Stratigraphy of the Bituminous Coal Field in Pennsylvania, 
Ohio, and West Virginia, by I. C. White; No. 67: The Relations of the 
Traps of the Newark System in the New^ .Jersey Region, by N. II. Dar- 
ton; No. 68: Earthquakes in California in 1889, by J. E. Keeler; No. 69: 
A Classed and Annotated Bibliography of FoshII Insects, by S. H. Scud- 
der; No. 70: Report on Astronomical Work of 1889 and 1890, by R. S. 
AVoodward; No. 71: Index to the Known Fossil Insects of the World, 
including Myriapodn and Arachnids, by S. H. Scndder; ^o,72: AltitiAdes 
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between lake Superior and the Rocky mountains, by Warren Upham; 
No. 73: Tlie Viscosity of Solids, by Carl Barus; No. 74: The Minerals of 
North Carolina, by F. A. Genth; No. 75: Kecord of North American 
Geology for 1887 to 188U, inclusive, by N. H. Darton: No. 76: A Dic- 
tionary of Altitudes in the United States, by Henry Gannett; No. 77: 
The Texan Permian and its Mesozoic Types of Fossils, by C. A. Whit«»: 
No. 78: Heport of the Work done in the Division of ChexDistry and 
Physics, mainly <iuring the Hscal year 1881)-'90, by F. W. Clarke; No. 79: 
A late Volcanic Eruption in Northern California and its peculiar I^va, 
]>y J.S. Diller; No. 80: Correlation papers -Devonian and Carboniferous, 
by H. S. AVilliams; No. 81 : Correlation papers— Cambrian, by C D. Wal- 
cott; No. 82: Correlation papers — Cretaceous, by C. A. White. 

Explorations in Newfoundland and Labrador in 1887, made in connec- 
tion with the cruise of the V. S. Fish Commission schooner Grampus, li>' 
F. A. Lucas. From J^eport of U. 8. National Museum, 1888-80. Wash- 
ini^on, 1891. 

Preliminary Handbook of the Department of (ieology of the V. S. Na- 
tional Museum, by G. P. Morrill. From Report of U. S. Nat. Mus., 1888- 
81). Washington, 1801. 

Preliniinarj' l^eport on the Coal Deposits of Missouri, by ArtliurWins- 
low. Published by the Geological Survey of Missouri. Jefferson City, 1891. 

Heport on the Geology and Mineral Resources of the central mineral 
region of Texas, by Theo. B. Comstock. From Second Ann. Rep. of Ge- 
ological Survey of Texas. Austin, 1801. 

Annual Report of the Geological Survey of Arkansas for 1890, VoL II, 
The igneous Rocks of Arkansas, by J. Francis Williams. 

Preliminary Report on the Utilization of Lignite, by E. T. Dumble, 
State (Geologist of Texas 

(teological Survey of Kentucky. Report on the Geologj' of parts of 
Jackson and Rockcastle (.'ounties, bv Geo. M. Sidllvan. 

Geological Survey of Alabama. Report on the Coal Measures of tbe 
Plateau Region of Alabama, by Henry McCalley, including a lleporton 
the Coal Measures of Blount county, by A. M Gibson. 

(Jeological Survey of Canada. Contributions to Canadian Micro-Pal- 
jccmtology. Part Til, by T. Rupert Jones. 

I'nited States Geological Survey. Tenth Annual Report. Part 1, 
Geology. Part 2, Irrigation. 

Report cm an Additional Water Supply for the city of Rockfonl, 111., by 
J. T. Fanning, I). C. Dnnlap anil 1). \V. Mead. 
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Akk tiik Kn/.ooN at, LimI'>tonks at St. John, New Biutnhwick, Pkk- 
Camuhian ■?— In an editorial refrrence to Ko/cxm and the pre-Oanibrian 
fossils of St. John, you appi*ar to im|>ly Ji doubt :is to the pre-Cambrlan 
ago of tile latter: or at h-ast that tliis may be an alternative with some 
who may admit the organic origin of the former; adding that other 



limestones in the United States for which a Laureutian age had been 
claimed, had, on further examination, been found to be primordial 
\i. e.s ('ambrian], 

Tliis, I think, can hardly be the case with the St. John limestones. 
The earthy (cryptocrystalline) condition of some of these limestooes 
is apt to mislead those who expect to find Laurentian limestones (or 
perhaps I should say pre-Cambrian limestones) always coarsely crys- 
talline. Hence Sir Wm. I/Ogan, when he came here (about 1870) fresh 
from the survey of the limestones of the Ottawa valley, was surprised at 
the modern aspect of those near St. John. Dr. T. Sterry Hunt also, 
after his studies of the pre-Cambrian rocks of New England and the 
maritime provinces of Canada, classed these limestones in his Lower 
Taconic, below the Cambrian. Their comparatively unaltered condition 
is shown by the numerous carbonaceous bands, called, locally, "blue 
limestones,'' which are intercalated in certain parts of the terranes. In 
fact there are not only carbonaceous, but hiiumiuom limestones present 
in this series, and this is shown by the fact that they give off a distinctly 
bituminous odor when struck with a hammer. This, however, is not an 
isolated fact, because a limestone in the Arcluean tract of Scandinavia 
has been shown to contain bitumen, I think as high as 5 per cent. It is 
ditlicult to conceive of the introduction of this substance into a series 
of sediments except through the agency of organisms of some kind. 
Such we know to have been the source of bitumen in the rocks of later 
ages, and we naturally seek thus to account for its presence in these old 
limestones. 

And yet, though in certain places these limestones show compara- 
tively little alteration, they exliibit everywhere a secondary crystalliza- 
tion, often strongly pronounced, and not infrequently giving rise to 
highly crystalline, calcareous masses; the preservation of any organisms 
which may have been associated with the production of these limestones 
is therefore not only uncommon, Imt seemingly local. 

Although comparatively modern in aspect, these limestones are no 
doubt pre-Cambrian, for the following reason: Subseciuent to the pro- 
duction of the series of which they form a part, a great extrusion of 
igneous rocks (volcanic ash, scoria and mud) occurred in this district. 
These were piled up to a great thickness and spread over a wide tract 
of country; yet their thickness appears to have been very irregular, or 
<ieiiudati()n before Cambrian times swept away large masses of them, so 
th:it the un<lerlying limestone series was brought near, or ([uite to the 
surface in some places. 

The Cambrian rocks themselves have a clear foundation in certain 
conglomerates which overlie the volcanic series and show themselves 
along the borders of the Cambrian basins. These conglomerates are 
usually made up of fragments of the volcanic series, intermingled with 
quartz pebbles, but at one locality in the city of St. John, where the 
Cambrian rocks are in close proximity to limestone ridges, pebbles of the 
limestone are mingled in the conglomerate with those of the volcanic 
series, hence we cannot doubt that these limestones were hard rocks, 
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subjected to denuding agencies, at tlie time when the Cambrian sedl- 
mentH were being deposited in the submarine valleys near St. John. 

Further — there is much negative evidence pointing to the same conclu- 
sion. If these limestones are post-Cambrian, to what age shall we assign 
them? The Cambrian tcrrane here includes the Lower Ordovician, and 
is an unbroken series of sediment. (See last volume this Journal, p. 389.) 
The Silurian (Upper) is present within twenty miles of St. John, and is a 
Hories of calcareous slates and earthy sandstones with characteristic fos- 
sils. The Devonian shales and sandstones, with plant remains, He imme- 
diately south, separated from the limestones only by the basin of Cambrian 
rocks at St. John, about a mile wide; and the Lower Carboniferous 
conglomerates and shales actually overlie the limestones unconformably. 
There remains only the Upper Ordovician, which could possibly be rep- 
resented in these limestones, and in limestones so little altered ae some 
of these are, some trace of the abundant marine life of the Ordovician 
perioil should show itself: l)ut none such has l)een found. 

Altogether we see no reason to depart from the decision on the age of 
these limestones arrived at twenty years ago by the officers of the Dominion 
Geological Survey, that this calcareous series, isolated amid the Tjaurentian 
gneisses, mica schists and <iuartzites, is essentially of pre-Cambrian age. 

Before closing 1 may say a word about the Cambrian rocks themselves. 
In my conspectus of the succession of faunas in the St. John group, 
given in a foot note on page 21K) of the last volume of this journal, a 
section of "Upper l^aradoxides beds, no fauna known," was introduced. 
\^y this it is not intended to be asserted that any of the later species of 
Paradoxides are known in the (^ambrian rocks of the mainland of Amer- 
ica; ]>ut only that the horizon indicated is the place where, if present, 
they should be found. 

Another point of interest to students of the Cambrian is that Hyttlithes 
hnh'n(jHi^ or a species very like it, has been found in the basal Cambrian 
rm:ks, near the middhi of that series. This species was found b}' Dr. 
Charles Harrois and myself last summer, when examining the section in 
tfie eastern part of St. .John county. The species is of interest as a com 
num one of the Olenellus ])eds, being at the same time, according to Mr 
Walcott, a species of great vertical range in the Cambrian rocks of the 
Hocky mountains. (t. F. Matthew. 

St. John^ N, Ji., Canada^ Jaiiaary 13^ 1H91. 
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Tup: Wintku iMKKTiNc; ok tiik (Jk<h,o<;i( ai. Society of America 
was held at Colurnluis on I)<*c. 20, oH aiid 'M. The members were wel- 
comed by the niiiyor of the city, Mr. (J. T. Kurb, whose address was re- 
plied to by the president. 

Tlio treasuHT's report sIiowcmI a balance of i?280 unexpended, and that 
of the secretary. Prof. II. L. Kairchihl, of Rochester, N. Y., showed the 
society to be in a prosperous condition. 

At the first session the officers for 1802 were announced aa foUowa: 



President Mr. G. K. Gilbert. 

Viiw-Prenldente Sir J. W. Dawson, Prof. T. C. Chamberlin. 

S«Hjretary Pro£. H. L. Faf rchild. 

Treasnrer Prof. I.C.White. 

Two new fellows were declared elected. An excellent memorial of the 
late Prof. J. F. Williams, of Cornell University — a fellow of the society 

prepared by Prof. J. F. Kemp, was read by the secretary and the read- 
ing of papers was begun. The first was by Prof. I. C. White, who gave 
a short account of the development of the Mannlngton oil fields In West 
Virginia, under his direction, and entirely on theoretical deductions 
from the geologic structure of the country. He showed the success that 
has attended these labors by the fact that only five per cent, of the wells 
drilled in these fields had proved dry holes. The attitude of the driller 
bad, he said, changed from one of contemptuous neglect to one of stu- 
dious attention. Some discussion and several questions followed F*rof. 
White's paper. 

Prof. White also made some remarks on a number of specimens of 
plants which had been sent to him by Mr. E. T. Dumble, state geologist 
of Texas, which clearly Indicated a Permian horizon In the Wichita beds 
of that state. Among them, as Identified by Prof. W. M. Fontaine, was 
a Wfikhia, the firat reported from American strata. 

Mr. J. S. Diller read a paper on the structure of the Taylorville region 
in California. There are, he said, 29 sedimentary and 17 eruptive 
masses. Several of the former are recognized by fossils. Eruptive 
rocks occur of an age from Silurian to Neocene. The Jurassic rests un- 
conformably on the Trias. The Jurassic is completely overturned and 
sheared on a thrust-plane of low inclination. He Instanced a fault which 
Is believed to have a throw of four miles. The paper was full of facts 
and cannot well be condensed. 

Prof. Hyatt exhibited a very large and interesting collection of Juras- 
sic fossils in volcanic tuff, from California, and pointed out a number of 
important similarities and differences between them and their nearest 
European congeneric forms. 

The Sierra Nevada of California was the subject of a paper read, in 
the absence of its author, Mr. J. E. Mills, by Mr. C. W. Hayes. This 
work has been in progress for several years at the trouble and expense 
solely of the author. The range is, he said, due chiefly to Tertiary 
movements, but recurring uplifts took place there In earlier times. The 
older rocks occur in the axes. The two crests of this double range lie on 
the eastern sides. The faults are normal. The Mesozoic rocks are folded 
and overturned but no arches occur, and apparently the thrust planes 
have been formed by pressure acting on blocks of strata lifted out of 
place by faults. There was apparently groat difference of opinion be 
tw^een observers who had been at work on this field and the recorded ob 
servations in so difticult and contorted a region were not reconcilable. 

A short note on secondary banding in the gneiss of Berkshire Co., 
Mass., was read by Dr. Diller, in the absence of the author, Mr. Wm. H. 
Hobbs. 
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Mr. C. W. ilall d4'S(;rihod tin' southoaHtern part of Minnesota. This 
ro^ion was tirst Htndied ]>y I). I>. <)w«»n, 50 years ago, in his survey of th#* 
mineral lands of the Northwest. It contains roolts of Cambrian and Si- 
lurian date, with a small area of Devonian. The ("^amlman coiitains the 
Kewecnawan an<l the <rreat red (|uartzite of the Northwest and the Pots- 
dam sandstones <*oni;lonierati(' at liase with pebbles of the same nature at) 
tlie underlying rcN*ks. After speaking at some length on the Bcetion as 
shown in Minnesota, th<? autlior mentioned the recent discover}' of ffis- 
sils in tlie St. IVter sandst<me. Murchisonia, En<loceras, Helicotoroa, 
etc., clearly indi<'ate the Flower Silurian age of the sandstone. The beds 
l)elow tliis an* referred to tlie C'ambrian, and include the two Magnesian 
groups* of Owen. 

An illustrated evening lecture was delivcre*! on Tuesday evening l>y 
Mr. I. (-. Uussell on his recent attempt to reach the top of Mt. St. Klias. 
A large map of ICncbantment bay enabled the speaker to explain the 
topogniphy, both terrestrial and glacial, of the region. Many points, 
especially of the latter, w<»re of very great interest to glacial geologists, 
in conseijuence of their bearing on the problems of the glacial era. 
(Treat changes in the level of the land were shown to have occurred in 
very recent times, (i facial beds were seen lifted far above their original 
level, and the retreat of the ice, which apparently is still in progress 
over the region, has exposed areas but lately buried deep under the 
glacier. Special views of the ice-liehls were shown by excellent photo- 
gra])hs on a screen. The dei)osits of moniioic matter washed down 
from the glacier and deposited in the *'glacial delta*' showed large trees 
iieeply buried, and, of course, deatl. A vf^ry striking feature in the land- 
scape is the great development of cryptogandc vegetation — mosses and 
ferns -forming a moist, soft cushion four or tive feet deep, covering up 
fallen logs and uueven(>sses in the surface, and rendering progress slow, 
laborious and fatiguing. The glacial features of the mountain, its rivers, 
i<'e-falls, crags and peaks, were vividly shown in a realistic manner, 
HO that this little known region was brought within almost familiar 
(•.\perien(!e. 

On W^jdnesday morning the business of th^ session waa resumed by 
the reading of a pap(»r on the Valley of the Rio Orande in Texas, by Mr. 
\\. T. Dumble, the state geologist. It containe<l a detailed account of 
the Cretaceous strata of that region and some of their fossils. 

Mr. W. H. Shrrzer then read an elaborate revision of the rugose coral 
(Mionophyllum, detailing its generic cluiracters as regarded by himself. 
and maintaining that several species have hitherto been confonndetl 
under this name, lie passed these in review, showing why they should 
be sepanited. Omphyma and Ptvchophyllum were, he said, the forms 
with which it had been more freiiuently confused. 

Mr. C. Willard F laves gave an accoimt of the geology of the Yukon 
valley in Alaska. He n»ported immense deposits of volcanic material, 
tine sand, dust, pumice, Mimetiines covering tlie ground as snow, and a 
distinct and diagrammatic display of an overthrust fault half a mile in 
extent. AUuig the seacoast, in the neighborhood ot Mt. St. Elias, occur 
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large glaciers, one of which, extending across a valley, dams the stream 
and forms a lake of considerable extent. These glaciers lie almost 
entirely on the southern slopes, those flowing to the northward being 
inconsiderable in size. Indications of much greater extension of the ice 
iu former times are abundant along this part of the basin, but farther to 
the north such signs are altogether wanting. 

Mr. Stanley Brown read a paper on the Pribylofl islands of Alaska. 
Hehring sea, from which these islands rise, is shallow, not exceeding 
:jOO to 4()0 feet. Bogoslov, one of these islands, has been a central vol- 
cano from which have flowed the streams of basaltic lavja of which it 
consists. These islands, especially St. Paul, are the home of the seals 
and sea lions, and the speaker mentioned the fact that numerous peb- 
bles were found on these islands whose presence was very puzzling until 
it was explained that they were brought there in the stomachs of these 
animals. 

Prof. W. .1. McGee, in discussing the gulf of Mexico as a measure of 
isostiicy alluded to the doctrine that areas of denudation are areas of 
elevation, while areas of subsidence are areas of deposition. Quoting 
examples from the geography of the area of the North sea, he explained 
the dilliculty of estimating the area of encroachment in conseijuence of 
the building of artificial breakwaters and the* construction of natural 
breakwaters by the sea Itself. He next quoted the Soonderbands of India 
where immense subsidence has taken place and where the sediments of 
the Ganges and San poo are now deposited, the great rivers of China, and, 
lastly, the gulf of Mexico, which receives on a small area the degrada- 
tion products of the largest basin on the globe, in all these cases he 
argued that the two areas coincide and that the depression is roughly 
proportional to the deposition, but subject to so many sources of error as 
to render exactness at present unattainable. 

Prof. G. F. Wright followed with a few remarks on the deduction which 
might be drawn from the presence of shells in a sandbed which he had 
discovered in Shropshire, England, during his recent visit to that coun- 
try. His principal point was that the evidence tended to disprove the 
subsidence of that district in the glacial or inter-glacial era. 

A short paper by Prof. J. C. Wolff described the structure of the Crazy 
mountains of Montana, which had been well illustrated by photographic 
views on the previous evening, and showed great alteration effects from 
the intrusion of masses of igneous rock. 

Some new fishes from the Cleveland shale of northern Ohio, were 
l)riefly described by Prof. E. W. Clay pole, and a few exhibited by their 
discoverer. Dr. W. Cl^rk. The leading features of tlie now well-known 
DintckthyH and the more recent 7V/a7i/V///A//;<, whose structure has been so 
admirably elucidated by Dr. Newberry, were pointed out, and a new 
genus differing from botli in the structure of its jaws and teeth was illus- 
trated by drawings. For this we proi)osed the name Gon/onir/tf/it/x. 
Allusion was also made to one or two at present somewliat obscure spec 
iinens. 

Two papers by Mr. Warren Upham were read in his absence, tlie first 
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on tbe relatiuDBLip of the )i;laclal lakeR following the !ce age, siidfl 
liecuod on the Champlain submerge nee. 

A paper "u thp pre-glacial flraiiiaire of Siinimit coiiuty, I ihio, > 
liy Frof. K. W. Claypnle, and Illustrated by a map. H« showed c 
erable difference beiwecD the coiireea of the present and the pr«-glw 
Htreaniii. 

Other iiaperM uen; read by titles Id tlie absence of their autJion, tl 
the proceedinipi continued until late on Thursday aftenicHm in nrd«r4 
(.'Oini)lete the programme. 

Altogether the meeting was a plea^unt and a profltablr- i>L-(^iuf<m I 
tlie mi-mliers wiio were present. The society will meet nc-xt summar I^ 
accordance with its nile,st Itochester, N. V., about the time of tita a 
mg of tlie American AsHOciation. 

Mr. -loiiN KvERMAJt is in the Huiith of France. All let 
Hhoulil Im! addresHcfl to the cure of MessrH. J. S. Morgnii & { 
•22 Old Jiniiifl St.. l^ndoii. K. '" 

PrOV, V.W.Ok.\U[N 1l.\SllKT:N(iK.VNTKT>LE.\V£nrABSI(R08& 

('oloTiidi) <!olle)r<' to etiiilile liiiii to i)o Ht>ecinl work foi' the Get 
icul Survey (if I'exttD. on ntiit^h lie Liu> iHimtippoiiitcd itssistantg 
ojxint. lie haw iilR'Hily enterwl iipiHi liitt work in that proin 
lielil. nnd liix mldrcH!*, till further iu>tici', will be Aimtiii, ~ 

)>u. I'kksifiiu Fk.vxkr, of Philadelphia, sailed Vnh, 27 i 
Ccnoa, mid will lie ntjsent (ill May m>xt. 

Mil. F. D. .\|>.\MS, liK'TIKKR IN (ImH.lldY AXII I'KTRIiniUll 

ill MdJill I -nivvrHity, luid forincrly of tiic CumuSan Uoolof 
Snntfy, litw arMumed tlu' tUitics of editor of tlie Vnninfiitn 
•if Srifiiir, which ifi pnliliiilu-i) ijiiartorly in Montreal. 

Mk. ItALi'it S. Takk. of tho Now Jersey (Jeologic-al Survey, i 
Ikh-ii tip]>oiiited lo the jiOHitioii a1 Coniell T'niversity It^ft V 
liy the <ifalh «f Pr. .1. FRini-iN Williams. 

Dr. Feriiisaxi> Udkmkr. the <liHtin;!iiiHbed Gerraou f, 
tliisl at his ln>me in Hn'wliiii, Jlec. I4lh, in his wvonty-l 
yi-ar. Tl<' wum not imly one of the iiiiiKt eminent gcolo 
KuroiJe. Iiiu his writinirs unil iiivcMtit!atii>n» on this »'iinntry, ■ 
he uorlfed for many years, ^nve him a place among the I 
hoiuiii'd of inir pioiKHT workers. It ean \ic. fuiid Inily thattj 
works on the rorniiitioiis of Texas laid thtt foiindntiiin for the g 
losiical exjiloi-atii.il of that sliile. 

Sir .\m>kew Ha.msav, lale Pirector-lieneral vf the Kdl 
lledlojriial Siirvev. ilied :it Itiininiiris. Anglesey, l>e«'mberl 
IWIl. in lii« seveiilv -seventh vear. He wiifl at the liend of f 
lleohi^'i-'id Survey for nine years. retiriuK in 1881. 

I>K. T. Stehhv llr\r, the iiHisl eminent ehomicul gO<)lot_ 
the rnit.--IStiil.-s. ili.-il in N.'w V.trkalHHit the middle of Felipi 
His last wi.rk. hIli.I] Is revlewfil in this niimljer of the Gkou 
<H'<'ii]ile<l liini in tlii' \:\^\ mi)ntlis of his Ion); and diverBiflm] |H 
an.l serv.'d In r.iiiiiti out with n sal ii-1';i.-torveompletion, the J| 
|;i1h,i-s i.r !i l.nlliiint i-am-r. 
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A HITHERTO UNDESCRIBED PHENOMENON IN 

H>EMATITE. 

By W. S. (iuESLKV, V. a. S., Erie, Fa. 

Till* specimen of whicli a portion i.s repixxluced in photograpliy 
(siH* plate v) is one of several hand samples kindly lent to 
the writer bv a Miss Culver, of Erie, Pennsvlvania. and it is to 
he regretted that all she can tell him about them is that a friend, 
who makes trips to the lake Superior iron region, occasionally 
carrying cargoes of ore to Erie, gave them to her al)out a year 
ago. so that the exact locality, the name of mine, nature of 
ordinary deposit in which they were found, depth, and so forth, 
cannot (at present, at all events) l)e ascertained. 

The ore is a fibrous red hfematite, evidently of gi'eat purity 
(jiossibly 70 per cent, metallic iron), reddish-blue in color, of 
suKKith and somewhat unctuous feel, and very comj)act and tough 
looking: small groups or bundles of the fibres chink like iron 
nails when shaken up together in the hand. The fibres run in a 
curvtMl form, thus giving .the hand-specimens a more or less 
curvtMl or horny shape. The samples . examined vary in length 
bt»tween two and nine inches, but as the longest of them has lost 
its inner extremity, its roof or commencement of grrowth. so to 

•-7 <"• 

speak, it may have been an inch or two longer when whole. The 
specimens do not fit or exactly belong to one another, but from 
their peculiar likeness have evidently all come from the same 
de|X)sit or mass in the mine, wherever that may have been. The 
<*enteror centers of formation appear as small flat cavities. (/. r. , 
supposing the thin ends of the fragments examined represent the 
commencement of their formation outwards around these nuclei.) 
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Tliev an* frajruients of lM»trv<)i<lal or roniform nia»st»s of on\ au<l 
thus aiv of stroinJtnt/ origin. Stjirting away tvom tlu» iiueloi the 
on* has viTv iiuieh the form of fangs of double t(H»th — bUmt, 
irroguhir, conii»al aggregations of fibres, now witliout any filling 
of any material between them, though when ai nitu may have lia«l 
red powdt^ry ore or clay among them. Concentric striictnn* is 
exhibitt'd in one of the fragments. 

Now what is most peculiar in these samples is that they have holes 
througli or running in them at tlitferent distances fn>m the nuclei 
and from one another. Three in(*hes is alx>ut the disUinc^e of the 
nearest hole seen from a center of growth, and those lH*st pre- 
served are clearly shown in the plate. 

The points or ciiief charact(M'istics to be notwl ap|M*ar to the 
writer to be: 

</. The shape or form of tln^se iioU^s or little tunnels. 

//. The fact that they run roughly parallel to one another or at 
rigiit angh's to tiie fibres of ore, namely: nearly scfuare across or 
through th(» specimens. 

r. The peculiar curvature of the grain of the ore surrounding 
these apertures, particularly clearly Ijroughtout in the casM* of the 
left hand or perfect hole seen in plat(\ 

</. That, beyond or to the right hand side (as viewini in photo) 
of these pear-shape<l tunnels then* (»xists a straight, smooth kind 
of '•be<lding plane " running forwanl to the next hole (where the 
fibre is bent round), or right to surface or exterior of specimen. 
as shown between A and H (lower side of view). 

'. The apparent fact that had the formation of the ore croatin- 
ue<l beyond H (\ the outermost hole — really a grwive or 
channel now, because open on one side — would have Ijeeu closed 
ov(»r in like manner to that seen alK)ut three inches to rear of it. 
I Of course it will be seen that the lower of the three 'dioles'' is 
only half there, the corn»sponding half being bi*oken away with 
the rest of the mass. | 

/■ All the holes have the same cross section in form and mi*a»- 
ure, just about the same diameter— n little over I inch the short- 
est way. Inder a pocket lens the surface of parts of thes<' Indies 
(their Widls) is seen to be mammillated. and throughout thev are 
coated with a soft skin or film of red iron oxi<le. 

The outside surface of the specimen, /. /. U'tween B and C. the 
edge of which is here shown, is oddly polishe<l, though not art ifio hilly , 
1 think. This (»dge or surface represents the limit of growth of 
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the mass in that dirediou. Of course, oue is at once inclined to 
ask: What do these holes represent, and whence came thej*? Were 
they once filled with ore or with any other mineral matter? etc. 
While the writer does not pretend to give any satisfactory explan- 
ation of this curiosity, he would like to remark one or two things. 

These cannot be holes drilled or eaten out, or ])urrows made by 
worms or animals of any kind; nor have they been made by the 
liand of man. The form or arrangement of the structural fibre of the 
ore in vicinity of the apertures is altogether against such theories. 
The writer possesses various English specimens of clay ironstone, 
one of which is now hiematite (having been altered by peroxidation 
of iron and water in contact with red strata of Permian age), per- 
forated by worm burrows, which are now either filled with pink 
calcite, with fossil slime secreted by the worms, or are empty. 

We are unfortunately in the dark as to which way this illus- 
trated sample lay or was formed /// situ, but the writer conjectures 
that in whichever direction it was accumulated or grew, the 
mass in forming met with some obstructions, around which it 
continued to grow and even to entirely envelope in most cases. 
What such supi)osed obstructions or projections were, seems to be 
the point from which to arrive at a satisfactory c<mclusion of the 
growth of the ore. It has occurred to the author that possibly 
stalactitic ore was there first and that this fibrous variety formed 
around and amongst the stalactites, lint stalactites do not take 
the form which these holes show. Usually they are rudely cvl- 
indrical or long, tapenng cones; and, if once present why are no 
remnants left now? Twigs, wires or narrow pods would seem to 
suit better. Whatever may have been there is now gout* from 
the samples examined, for all the holes are empty. 

It seems impossible to regard them as elongated air holes, or 
bubbles, for the texture and form of the ore has not been altered 
from what it was when first formed into this condition; there has 
evidently been no squeezing, no metamorphism, no fusion, vitri- 
fication, elongation or shortening of the mass; it shows to-day just 
as it was after or even during process of formation, or (p-mcth, 
as we may fairly term it. Can it ])e possible that the mass has 
formed in situ around or in contact with a number of lengths or 
coils of wire, in some place in a mine, where the conditions have 
\yeen very favorable for a very rapid growth? We know that 
agates are produced in a very short space of time under favorable 
circumstances; I refer to the (xerman samples artificially made 
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out of natural uiineraliziKl water in some of the mines urcavemA 
tliore. C^ertain forma of gypsum too, have l)een known to form 
within a few years, and I am hert» remin(le<l of the fact of a man 
being lost in the great Daleearlian c^pjjer mines, at Falun in 
Sweden, in the last (H»ntury. whose lx)dj'' when discovered, wa>* 
partially convert(»d into a yellowish gypsecnis mineral, it having, 
as is supposed, fallen into or b(»eome covered with mine-water. 
Stalagmite, sinter, tufa. etc.. do form (luiekly, as in the vicinity of 
hot springs, •'petrifying wells,'" in caves, in old mines, etc. 
<\\\\W hard an<l thick deposits of lime, iron, etc., are frequently 
found in mine water-pipes, cisterns, in old **atmosplieric engines," 
and other places where conditions favor their deposition; liowever 
the writer cannot call to niin<l an actual case of hard pure iron 
ore ])roved to have formed within ancient or mo<lern histoiy, 
unl(»ss certain curiosities taken occasionally from blast furnaces 
(results of peculiar melting and de|K>sition in connection with 
other mineral substances) may be reganied as such, orthe instance 
([uoted by Bischof in his -'(^hemical and l*hysical Geology** of 
thn»e feet thick of liniouite occurring over a substance containing 
Koniaii coins, in central Kui*ope. Swedish **lK)g iron-ore" is 
stated to form at the rate of several inches in a few years. The 
writer rememlM'i-s a v(»rv singular case of rapid gro^lh of a spec- 
imen from a coal mine in Staifordshire, Kngland. It was placed 
ill a cabinet an<l being left to itself for twenty-five years, was at 
the end of that time found to have eaten its way upwards through 
one inch of wood (the top of the cabinet,) and downwards through 
tliret* earthenware plates on which it was plactKl. Its owner statet) 
that its growth in bulk had since been so extensive he had broken 
off fragments, to keep it within bounds, to the extent of five or 
six times its original bulk. Scientists who had examined this 
speeinien considrr it to V>e a variety of ropinpitv^ or ? coquhubiU 
Ahnini/fH or ''fitfir-su/f." or ? /* rrotts snfphatr is another mineral 
of rapi<l growth in fav<>ral»le situations, the writer measured some 
fibres in an rntry in an Knglish coal mine, in May, 1880, which 
entry had to his own knowledge lM»en driven about eight 3'eara. 
The longest libn-s were 1 1 A inches, thus giving an average annual 
growth of nearly lA inches. Other facts might be cited, but 
4Miou<rh has been said here to show that whether fibrous luematite 
<*an or cannot form rapidly under favorable conditions, many min- 
4'rals or ('<>inbination of minerals can and do (/row amazingly fast. 
Additional sp<»cimens of this lake Sni)erior ore. conld they he 



Phenomenmn in. Hmiwdiie. — Greeley. 



323 



procured, might throw light on the subject. The general aspect 
of thiH Hingnlur variety of ore of iron, so strangely resembling 
split wixkI, suggests the name of "Woml Iron-ore" for it, but the 
grain in wood passes around knots, or holes once occupied by 
knots, in a different way from the grain in this iron-ore. 

The specimen in question can in no way be regarded us pgm- 
ilomorphoim. or be a replaci-nunl formation after ?ime$lone, doln- 
Htile, pgrite, e/mfi-ailoiig, etc., nor is it u/o*iil (mineralized wood) 
or anything of that description. 

Brie. Venn., U. S. A., Nov., I8fH. 

Erik, Pa., Dec. IS, 1801. 
Prof, N. H. Wincheu_ 

Dear Si»: Acting on your suggestion, I have pollHhed one end of 
the sample throiigU one of the holes, and beg to ini'lose drawing and iln- 
scription. I cannot see anything here attributable to leood-tUtue. The 
dull polishing portions, c f, are the aides or wmIIb of the hollow aba, 
anil may be insusceptible of taking a higher polish because the fibres of 
the ore here are bent id the direction of the hole, as you will notice in 
the |)hoto (plate V). 




The hole lies between n n, the portion left on the specimen beiu;r 
about ^ Inch deep in the center, as at h. This portion (u ton) is, then- 
fore, not polished; ir f are the two walls of the hole, the ore of uhkh does 
not take a good polish. This part of the ore exhibits harder and brighter 
spots, '1 (/. which gradually merije Into the compact, harrl ore, '' >, (the 
unshaded pord on of the surruce treated), which takes a high polish. 
The surface of the hole (" to .>) is, aw shown, slii;htl} manimillateil and 
coated with red, powdery ore. W S. Grksiev. 
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THE LOWER COAL MEASURES OF MONONGALIA 
AND PRESTON COUNTIES, W. VA. 

By S. B. RuoMN, Ahm'i ProfofHor of (teolog.v, W. Va. riiivewlt.v, Morgantowii. 

Im)!* ttMi or twi»lve miles south of Morgantowii, W. Va.. the Mo- 
nongiihohi river Hows nortli along th(» strike of the BarreuA with 
liie Lower (\)nl Measures just rising al)ove water level. The Ma- 
honing sandstone at the base of the Barrens in this region is 100 
to 150 feet in thickness, and the hanks of the river are for long 
distances crowned witli its high clitTs which, in many places, have 
wt^athen^l into fantastic forms. The streams that flow into the 
Monongahela from the east have worn deep and narrow gorges, 
wiiost* steep sides are held up by the massive masonry of this Ma- 
lioning sandstone. 

But it may be seen in ascending these streams that the strata 
lM>unding their sides are rising faster than the stream IxMis; heuce 
lower and lower strata emerge from the water level, until at six 
or sev(4i miles east of the river, the whole of the Lower Coal 
Measun^s outcroj) along the hillsides, and the Pottsville conglom- 
erate begins to show its pe]»bly surface along their banks. 

Starting three miles alM)ve Morgantown, at the mouth of 
Booth's creek, with the I'pper Freeport coal at the river level, 800 
feet above tidt*. and following up this streiim to the southeast, we 
tind the coal constantly rises higher alnive the water, until at Old 
Clinton furnace, six miles distant, it is !<);"> ft. alK)ve the same, 
whil<> at Ilalleck, on the Chestnut ridge anticlinal, it is in the toiM 
of the hills, and 1,!M)0 ft. alK)ve ti<le. 

This Chestnut ridge anticlinal forms a true watershe<1, and di- 
vides the streams tlowintr into the Monongahela from those flow- 
ing int<> the Tygart's valley, at (Jrafton. 

From Ilalleck. continuing southeast, we follow down Laurel ruu 
to Irondale furnace, and ob.servethat the strata havedipptnl in the di- 
rection of our <'ourse almost as fa.st as the descent of the stream. 

r 

until at Irondale tla* CpptM* Freeport coal is but l,tK)0 ft. al>ove tide. 
On reaching Newburg. the strata are again rising east, so tlut 
we have crossed the trough of the Ligonit^- syncline and find the 
rpper Freeport coal at 1.050 ft. above tide. At Austen, tliree 
miles fuilher east, it is at the level of the B. & O. Railroad track, 
and l,r>r»0 ft. abovt* tide, at the Kingwootl tunnel it is 1,800 ft. 
above the sea. and after a small <lip to tin* east it again rises, and 
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near Kighty Cut, at 18H0 ft, A. T., it passes into the air and is 
secMi IK) more on the western side of the Allegheny mountains. 

The whoU* length of this section, embracing one great anticline, 
one syncline, and reaching to the crest of another anticline, is 
alx)ut !>(► miles, and along it in several places complete sections 
of the liower Coal Measures are exposed. 

lietween the Mahoning sandstone and the Upper Freeport coal, 
near the river, tiiere are usually about 40 ft. of dark colored 
shales, that in places yield numerous fossils, but on going east 
these shales rapidly thin out, and the sandstone then lies immedi- 
ately upon the coal, forming an excellent roof. 

On ascending White Day creek toGarlow's mill we find the Lower 
Coal Measures fully exiK)sed and the section shown in cut No. 2 was 
obtained there. The Mahoning sandstone here lies immediately 
upon the Upper Freeport coal. The section reads as follows: 

1. L'pper Freeport coal 4 

2. Shales 25 

3. Limestone 4 ' 

4. Shales 6 

5. Fire clay and iron ore 3 

6. Shales and sandstone 75 

7. Upper or Middle Kittanning coal 5 ' 3' 

S. Limestone 2 ' 

!). Sandstone and shales 40 ' 

10. Lower Kittanning coal 4 

11. Shales 35 

12. Sandstone, massive, perhaps Homewood S. S 15 ' 

13. Shales 30 

14. Coal. 1 

15. Shales 10 

16. Main Pottsville conglomerate 



Total 259' 3" 

Alx)ut six miles up Booth's creek, at Haigh's bank, the Upper 
Free|)ort coal shows the following section, descending: 



Coal 8- ^ 

Shale 6" 

Coal 2 6^ 

ShAle 0' 2' 10 3" 

Coal 1 0' 



4' 6 



At St€»vens' bank, in Winfield District, 3Iarion county, it shows: 

Coal 2 6" ) 

Shale 2" f 3 10" 

Coal 1 2^ ) 

At Isaiah Robes, on Whiteday creek, it is very excellent, 4^ 
ft. thick, with 2" to '^" of shale. 1 ft. from the lx)ttom. All of 
these openings are on the western slope of the Chestnut ridge an- 
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ticliiu*. Further eastward, in the Preston county basin, the coal 
shows alx>ut the same structure, but is twice as thick, l)eing 7 to 
1) ft. at numerous oixMiings. It is vahiable as a coking coal, and 
is used for this purpose at Irondale, Newburg and Austen. Its 
roof shales sliow fossil plants, Calamites, Sigillaria. Neuropleris 
flexuosa and X. hirsuta. 

Along the river near Little Falls and also in the l^reston county 
basin, the Upper FreeiKirt limestone occurs at from 20 to 25 ft. 
below the Tpper Freeix>rt coal, but along the Chestnut ridge an- 
ticlinal it seems to be absent, or but i)Oorly developed. It varies 
from 2 ft. to S ft. in thickness, and on weathering shows a mi- 
nute univalve fossil. 

Alx>ut !>.■) ft. below the Tpper Freeport coal is an horizon at 
which fire clay and iron ore are often found. The iron on» is a 
siliceous sh<»ll ore, and was formerly manufacture<l into iron at 
Clinton furnace. At one pla<H» a seam of coal is rei)orte<l under- 
lying the ore. This seam may be the Lower l*'nH^i)ort coal. 

The next ".*) ft. consists of shales and sandstones, the interval con- 
sisting mostly of shales in the western part of this district, but to- 
ward the mountains, thes(» an* replaced by a massive sandstone 
that is quite coarse and i>ebbly and has alx)Ut the same thickness. 
• The next stratum is known over a large district as the *• three 
ft. vein of coal, " although its thickness is quite variable. Ou 
White I>jiy <T(»ek, this bed shows the following structure : 

Coal 2 0" 

bhale .» V \ 

Coal 10' ;^5' 2- 

Shale 1 8" I 

Coal 1 0- 

Only the two upper benches of coal are mincnl; the 15 inches of 
shah* in the bottom being too much to remove for the 12 inches of 
coal beneath. Th(^ roof here is of thin bedded sandstone and is 
excellent. Kls(»wluM-e along the (Miestnut ridge anticlinal, this coal 
is seldom ov(»r 2 feet in thickness, and usually has iX)rous, sandy 
beds for a roof that are incapable of sustaining great pi-essure. 

Prof. White shows this coal to have the following structure 
in the Newburg shaft : 

Coal 1 0' 1 

siutH u :r I 

Cojil, slaty 2 0" \- 7' %' 

Fireclay .* 2 ()' j 

Coal. ^'0()(1 2 0' ' 

imniediatelv under this coal is a limestone about 2 ft. thick. 
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At other places in the same neighborliood there is one foot of 
shale l)etween the coal and limestone, while in the vicinity of 
Clinton furnace, the limestone is more siliceous, highl}' ferri- 
ferous and 10 ft. to 12 ft. of sandstone divides it from the over- 
Iving: coal. This limestone is the Johnstown cement bed of 
Pennsylvania. 

Descending, we next i)ass through 40 ft. of flaggy sandstones 
and shales and reach a stratum of black shale, usually about 1 ft. 
thick, filled with fossil plants, calamites, l^epidodendra, Neurop- 
teris hirsuta and Pecopteris of various species. The black shale 
is the roof of a very important seam of coal, the Lower Kittan- 
ning, the most extensive coal seam of the Appalachian field. It 
varies greatly in thickness, but is nearly always workable. In 
the western part of our section it is four feet thick; in the Xew- 
burg basin it is over seven feet in thickness. In the vicinity 
of Ifalleck. this coal shows the following structure: 

Coal r ^ 

Shales 2' 6" 

Coal 2 0" ; 5' 8- 

Shales 2' 

Coal 10- I 

Although it is all good coal the lower stratum of ten inches is 
of very superior quality and is much use<l by blacksmiths. In- 
ileed, it is to its value for this purpose that the whole seam owes 
its high reputation. 

In the bottom of the shaft at Newlairg, it shows the following 

complex structure: 

Coal 0' 10- ; 

Shale, gray 10" 

Coal 6- 

Coal, bony 3" \ ^' 5" 

Coal, maio bench 4 6 ' 

Black slate 6" 

Coal 2 0- ! 

I'nder the Lower Kittanning coal, we have 35 ft. of shales and 
clays bearing iron ore nodules near the l)ottom. It is this iron 
ore that furnishes a cause for the number of chalybeate springs 
that occur at this horizon along Chestnut ridge. 

Next comes a hard-pel)bly sandstone that is usually about 15 ft. 
in thickness, filled with impressions of large plants, Sigillarids 
and Lepidodendra, and which resembles the "Great Conglomer- 
ate." This is i>erhaps the Ilomewood sandstone, of Pennsylvania, 
the uppermost member of the Pottsville conglomerate series. 



22.S The American Gef)logiifL April, i88s 

This n>ek makes a sharp change in the topography wherever it 
appeal's al)ove the surface. It does not disintegrate easily, and 
hence usually makes an abrupt clitf. while its great liouhlers are 
scatU^red far down below its i^resent outcrop. 

Under tliis hard sandstone, we find about "M) ft. of sandy shales 
filled with plant fossils. Then one f<x>t of hard, black slate caps 
one foot to one and a half feet of coal. This coal is often worked 
and is of good ([uality. 

AlK>ut 10 feet of shales underlie this coal, which brings us duwa 
to the main ma.ss of the (ireat Conglomerate, 
ir. Vn, Lhnnrxitu, D^r. IJth, 18U1, 



THE TIN ISLANDS OF THE NORTHWEST. 

E. W. Ci.AYi'OLE, Akron, O. 
I. 

The Cassiterides or Tin islands of the ancients weiv the granitic 
masses of (\)rnwall and the Scillv islands. Hither came in days 
b(»fore the dawn of writt<»n history (except perhaps Egyptian) 
the enterprising mariners of Tyre, to buy from the Britons their 
much pri/AMl mid very scarce metal. By craft and daring in nav- 
igation, they for many years kept the destination of their tin- 
ships :i profound trade* s(»cret. Few dared follow them out be- 
tween the pillars of Hercules into the foggy and stormy Atlantic, 
and Pho'iiiciii was coiise<iuently for ages the central mart for the 
sale of this metal the stannary of the world. 

Not. however, for the sake* of tin i)ure and simple, did these 
old PhaMiician mariners undertake the voyage fiom the Levant to 
•St. Michaels Mount and back- (5,000 miles of sea, and often out 
of sight of land. Tin alone {\\w phtmhmu tilhtrm or yrhiU'i lex\i\ 
of the Hoinans) was of little u.se. Pliny,* it is true, Hpeaks of 
tinning copper vessels, )>ut IMiny lived at a comparatively late 
date. It was the peculiar and intense hardness that characterizes 
its alloy with copper that gave this metal its value among the 
ancients. Hrouz(> was the material of which all metallic cutting 
tools wen- made before the discovery of steel, and for many years 
afterwards until this latter became cheap and easily wrought. 
It i.s therefore neeflless to point out the great advantage iKMsessed 
by the nation that held the secret of the (V>rnish tin. Others 
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could buy the .bronze after.it had been made, but could not make 
it, and this, there is abundant reason to believe, was done. 

Even after the introduction of steel had destroyed the value of 
bronze weapons, so many uses for tin remained that the old Corn- 
ish mines were never entirely closed, though in the time of the 
English Plantagenet kings the royalty had dwindled down almost 
to nothing. 

II. 

Rising like islands from the vjist prairies of the Northwest are 
the Black Hills of Dakota. They break through the monotonous 
plain that extends from Chicago to the foot of the Rocky mount- 
ains. Their steeply inclined axial strata are in strong contrast 
with the flat beds of the Cretaceous and Tertiary eras around 
them. To these, as to the new Cassiterides, much attention has 
been directed for some years past, in the hope that the future tin 
supply for the markets of North America will \\q drawn here- 
from. 

To the geologist these hills are e<|ually interesting on account 
of the problems which they suggest, and the facts which they re- 
veal concerning the evolution of the Northwest. 

Pi*of. N. H. Winchell and Mr. Henry Newton were the earliest 
explorers in this field, and entered on its investigation while it was 
still in a wild state, and occupied by hostile tribes? of Indians. 
To their work the present writer, and all who liave followed 
them, are deeply indebted for facts and data. The writer's own 
observations have been made mostly in the southern tin-district, 
i\\\i\ in some parts of the east and north of the Black Hills. 

III. 
The core or medial axis of the Hills consists of a ridge of 
schists and slates dipping at a high angle to the east, and often 
nearly vertical. Of these the schists are the older and underlie 
the slates. They are very micaceous, and often so full of garnets 
as to appear red, and have been likened by Profs. Blake and 
(jrosbv to the 'Olontalban" series of New England. These 
schists are heavily charged with lenticular sheets of a very coarse 
granite composed of ([uartz, albite and mica, which have been 
described by some jis intrusive. But the evidence rather justifies 
the belief that they are really veins of segregation, as they uni- 
formly agree with the schists in strike and dip. These veins are 
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vory striking to one only acniuaiuted with gmnite in its usual 

■ 

form — a finely granular mass. The (juartz is as usual, dissemi- 
nattnl, but the albite. the chief ingredient, is found in verj- largi* 
crvstals. and the mieii in sheets sometimes a foot or more in diam- 
eter. With these occur crystals of black tourmaline occ4isionallY 

ft fr 

weighing several pounds, and magniticent s]X)dumenes, ten, twenty 
and thirty feet long in the rock. Here too. are found l>en'l, 
cassiterite (tin-ore), columbite, and other minerals often associ- 
ated with these. 

These intercalated veins of coarse granite weather li*ss rapidly 
than the schists and conse([uently stand out in lx>ld relief on the 
hiilsid(»s, their wreckage strewing the ground so iis to convey the 
impression that the granite area is much larger than is really the 
(Vise. No mjussive granite exists in the Hills, even the central 
Harney peak being composed chieHy of schists. The veins run 
in sonu' instances for long distances — many hundreil fiH^t or yards 
— but eventually disappciir to be succeeded by others in parallel 
lines. 

The presence of the cassiteritt* in them has drawn attention to 
these schists almost to the exclusion of the other stnitn of the 
Hills. We will return later to this topic when tivating of the tin.* 

IV. 

The eastern slates overlying and conformable with the schists 

ft- rr' 

compose the younger part of the axis already alluded to. They 
occupy the whole t*astern side of the mass of the Hills, and like 
thi' older schists dip steeply to the east. They an* hanl and blue 
or dark grey, have wu true cU'avage. and weather into ragged 
peaks or etlges. So far as it is known they cH)ntain no usc^fnl 
minerals. \'ast betls of quartzite are found in them so nuissive 
as to justify calling \\wm at tinu's san<lstone dei)osits. 

V. 
Kotli the formations above nuMitioned behmg to thosi* c^rly 

ages of geologic history or rather legend, which are at preHent 

comprehended in the term 'Pre-Cambrian."* It would l>e more 

'•'It is worthy of remark in this connection that the stanniferous veins 
of Dakota are iniinonscly ol(l(*r than those of Cornwall. The latter are 
all of post- Devonian aire, an«l ])robuhly in some cases very much later 
tlian the ('arhoniferous. Indeed it would seem as if the process of the 
(iepositinii of eiissiterite were continuous, hs it is not UDCOnimon to find 
in Cornwall recent <l»-er-horn3 ^o impregna ed with the mineral, that 
tliey HH' as rich as the average ore of the county. 
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strictly logical to write "Pre- Potsdam' because we can only prove 
tliat they antedate that era. Hut the total absence of fossils and 
their structure and immense thickness point strongly to a Pre- 
Cambrian date. Regarding the last character Prof. Newton 
writes : 

' 'The whole thickness of vertical rock with a width of aljout 
twenty-five miles, is believed to retain its original relation of 
parts. ' So great a thickness of even Pre-Cambrian strata is 
scarcelv credible. 

ft' 

Immense beds of conglomerates are a feature of the slates, and 
are well displayed in many places, as for example, near Lead City 
on the railway. The pebbles consist chiefly of glassy quartz and 
(|uartzite, both of which are found in the older schists, but the 
conformability of the two series forbids our ascribing them to 
that source, and compels us to seek some other and more distant 
origin. The pebbles of <iuartzite are elongated, says Prof. 
Crosby, but those of (luartz are not. 

Prof. Crosby has also called attention to a vast sheet of diorite 
(plagiochise felspar and hornblende), sometimes auriferous, which 
pjusses through the entire length of the eastern or slaty series, and 
of which abundant fragments may be seen on the eastern slopes, 
and also to massive but verv siliceous beds of haematite like those 
of the lake Superior region. He has further demonstrated from 
the presence of limestone pebbles in the Potsdam, that a bed of 
this material must be covered up somewhere in the Hills. This 
discovery may some day throw light on the age of the slates, some 
of which may, though such a supposition is scarcely possible, be 
of lower Cambrian date. 

VI. 

After the deposition of the series above described in the sea of 
Pre-Cami)rian age, an elevation of the region took place whereby 
the schists and slates were bent and folded at a very high angle 
and the Black Hills of l>akota were l)orn. If we must regard 
the whole series as one unduplicated mass, they form a mono- 
clinal ridge with strong easterly dip. This movement alone indi- 
cates a long time, but the enormous erosion which the strata 
.suffered before the Potsdam sandstone was laid down u|>on their 
basset edges forbids any doubt on this point. The interval rep- 
resented by this gap extends from the* <late of the latest slate to 
that of the Upper Cambrian, and may include the whole of liower 
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jumI Middle (/:im})riaii tiiiK% with ix>ssibly Home etirlier eras. 
T)ariii<r all ttiese noons the Black Hills stood as an island or as 
islands in the (.^ambrian sea, supplying by their wear and tear 
under the action of the weather and the waves the sand requireil 
for the building of the Potsdam sandston(^ 

The elevation which had set in after the de|)ositicm of the 
schists and slates, at length ceased and subsidence^ ensufnl. The 
sea began once more to submerge the sinking land, and the Pots- 
dam sandstone already forming in the surrounding sen encrr)ached 
on the island. As the water advanced it destni\'e<l the super- 
ficial parts of the old land, and deijosited the material as the F*ots- 
<him sandstone. This is seldom more than 250 fei»t thick, and is 
congUmieratic at base containing pebbles of all the harder rocks 
found in the hills, as well :is of the limestimc above mentioned. 
These last occur all round the Hills, and in s(mie places c<»mix>so 
almost the whole of the basal conglomerate. 

There can be no n»asonable doubt of the identification of the 
Potschim, though no fossils have yet biHMi found. It is prolmbly 
eontinuous from its eastern outcrops lK»neath all the other pal- 
leozoic strata. But the slightly calcareous mitnre of its upper 
lav<M*s and the few fossils which thev have thus far vielded, indi- 
cate that these may represent strata much higher in the scale. 
This will be more evident after consideration of the next topic. 

Vll. 
if the siuidstone be r(»fern»d entirelv to the era of the Potsdam, 
then there is a second long gap in the stnita of the Hills, includ- 
ing ,m11 the Ordovician. Silurian and Devonian ems. But if the 
([unlitication just stated be allowed then the gap only includes the 
Ordovician and Silurian eras — n time sulHciently long. Prof. 
(^irpenter has discussed this <piestion. and has adopted u sugges- 
tion first put forth. 1 believe, bv Prof. Crosbv. The former says: 

"It was shown by the Cliallrn^er Kxpedition that in the truly abysnial 
ilcpths of t!ie sea, there is, properly speaking, no sedimentatioD These 
ar<' the red clay areas whicli form a characteristic feature of tlie deeper 
portions of the sea, and are found at all depths from 2,000 fathoms down 
to the deepest abysses. They consist of exceedingly fine clay colored 
red with oxide of inm. This clay is not a sediment, having its origin In 
the erosion of the land, but is derived from the aluminous portion of 
shells, decomposed pumice and line volcanic ash." "So slowly is this 
accniiiulation taking place that the ear-bones of whales and the teeth of 
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sharks believed to have been extinct from early Tertiary times, have not 
yet been covered with it." 

**The point that I wish to make is that if this section sank to these 
abysmal depths during Silurian and Devonian times, it reached a depth 
in which there was no sedimentation, and hence rocks of these ages are 
absent. A slope of only one degree would in two hundred miles from 
ihe shore have carried it to the depth of 3,000 fathoms, or far into the 
red clay area." 

Tiiougli the iicute bypotliesis above stated can scarcely be lus- 
siuued at present, yet one fact strongly confirmatory must not be 
forgotten. When sedimentation again set in limestone and not 
sand was deposited, indicating distance from shore. 

Though apparently unique thus far in geology as an explana- 
tion of the absence of strata, it is certainly at least plausible, 
and none of the objections urged against it have sutticient weight 
to form an insuperable obstacle in the way of its acceptance. 
On this view the Potsdam subsidence continued until the area of 
the Black Hills had sunk below the •H.OOi) fathoms level, and of 
course the tops of the highest peaks were covered with water. 

On the cessation and reversal of this movement, the first sedi- 
ment that covered the bottom of the rising area was that of the 
Carlx)niferous limestone. This holds characteristic Carl)onifer- 
oiis fossils, and indicates oceanic conditions of deiK)sit. It is 5i)0 
or OOn feet in thickness, exceedinglv hard and durable. Us 
position shows that at the time of deposition the area of the Hills 
was deeply sunk, because over a great part of the district this 
limestone lies horizontal on the horizontal Potsdam, and is never- 
theless elevated above the edgeS of the slates and schists except- 
ing on the very highest peaks. It has been raised without con- 
tortion, and shows only gentle dips around the margin of the 

Hill region. 

VI II. 

The incoming of sandstone near the close of the Carboniferous 

deposits indicates that some part of the Pre-Cambrian area had 

then risen above the water, and the lack of anv decided break 

lx?tween the Palaeozoic and the Mesozoic as well as the variation 

in the material of the Trias shows an unstaijle condition of level 

during that era. The Trias contains beds of bright red clay, a 

very pure 30- foot limestone, hard and uniform, and enormous 

strata of gypsum cropping out all round the hills in (juantlty 

:siiliieient to supply the whole continent. The limestone forms a 
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nimpart through wliieli tlie streams have (Mit narrow channels. \\s 
which entrance is with (UnicuUy gained to the centnil fastness. 
A fine illustration uf this structure is seen along the narrow- 
jjjanjjje railway running up Elk creek from Postville to Lead City. 

Tiiou^li the Jurassic l)eds that follow are (H^nformable to the 
Trias, yet no »i:reater contrast can well be imagined than that 
ofTered hv these two formations. The former is alwolutidv dcsti- 
tutc of all trace of life, while the latter contains some of the 
ricliest fossiliferous strata known anywhere on earth. What 
physical changes an* indicated by this ditfcrence cannot now or 
here be discusstnl. but whatever they were, they permitted the 
aN)un<ling reptilian life of the Jurassic to invade the lifeless seas 
of the Trias. The rapid thickening of the former be<ls to the 
northwest, as pointed out by Prof. Caq)enter and others, showi> 
that tlu' land whence thev came lav in that direction, while the 
gypsum of the Trias would imply a closed sea and great evajjor- 
ation. 

The vast and varied reptile fauna now accumulate^i by Prof. 0. 
C. Marsh, at New Haven, has been chieliv taken fn)m the Juras- 
sic of the region surrouu<ling the Black Tlills. Many of its 
MiemluM's lieing in part or altogether terrestrial, indicate land at 
no great distance, and the Hills then probably rose as island** 
al)ove the Jurassic waters. 

Of this fact there is no r<M)m for doubt at the commeneeiment 
of the (Cretaceous era, for the fine conglomerate at its luise owe* 
its origin t<) the Pre-Canibrian strata of the axis. But the emer- 
gen<'e was apparently ouly temi)orarv, and was followed by sub- 
sidence, which again carried the Hills under water, and allowed 
the <lep()sition of the later (^retaceous beds over the whole area. 
These strata indicate marine conditions, but no great distance 
from land, as th<^v consist of clays and shale, with little lime, and 
contain abundant and beautiful specimens of Baciilitos, Am- 
monites, etc. 

IX. 

It sccnis probable that the Cretaceous sea continued on into the 
Koccnc era. and that K(K*cnc strata were deposited over the Cre- 
taceous. .\s Prof. Carpenter has shown, there is evidently a gap 
in the n»cord here. The Kocenc is wanting in the Black Hilk, 
and the Miocen** lies ininietliatelv on the Cretaceous. Touring 
some part of this interval the central peaks, if not more, s'jr^'ed 
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xs distributing centres of the Pre-Cambrian rocks which lie scat- 
tered over the surface to the distance of 150 miles from the peak. 
They lie below the Miocene beds, and disappear under them at 
their first occurrence, and are even seen below their outliers. 

The means and manner of the distribution of the boulders has 
been a matter of some speculation. Prof. Carpenter was once in- 
clined to believe that they proved the occurrence of an Eocene 
ice-age, but has since abandoned that view. It is not eas}', how- 
ever, to see how such lx)ulders could be scattered so far over the 
country merely by the ordinary agents of erosion. 

The Miocene deposits were laid down in a great fresh-water 
lake, and in them are entombed the remains of a gigantic mam- 
malia of that era, indicating the proximity of land. During all 
this time the Black Hills stood as islands in this lake, and were 
doubtless tenanted by the animals w^hose remains are found in the 
strata. Miocene deposits approach within 15 miles of the Hills. 

Here the geological record of the region ends. With the ex- 
ception of a few fragmentary notes of Quaternary time made by 
the usual stream erosion and of the n^lics of a few Pleistocene 
mammalia that occupied the Hills, the later annals do not exist. 
The great Ice-Age has left on the Black Hills no sculptured 
hieroglyphics of its ice-chisel, such as those that have immortal- 
ized it elsewhere. No erratic boulders, no arctic drift indicate an 
invasion by the northern ice, and no striation or grooving of the 
rocks leads to the belief that the Hills were an independent cen- 
tre of glaciation. This fact is full of significance. Lying four 
hundred miles north of the southern edge of the great ice-sheet 
they were yet out of the zone of accumulation, and even beyond 
the zone of waste. The ice of the northeast and of the north- 
west expended its strength in crossing the wide prairie regions 
that separate these hills from the great glacial centres of the con- 
tinent. 

X. 

Hut the chief interest of the region at the present time lies in 
the presence of the tin -ore mentioned at the outset of this paper. 
The economical importance of this mineral is greater than that 
of anv other that the Hills are known to contain. 

(.Vussiterite is usually limited to the proximity of granite rocks, 
but in the Black Hills it is yet more closely limited to the granite 
veins described above as occurring in the older schists. And in 
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tliese it is. as usual, vorv irregularly dis8eiuinate<i. Some veiM 
are altogether barren. In others is found a varying quantity of 
ore. never very large. Strings and threads and granules, often 
almost invisible, with occasionally a lump weighing a few ounceM. 
or more rarely a few pounds, are the forms in which the cassiter- 
ite occurs. This, it mav be remarked, is the *usual mode el»e- 
where. In some instances, and probably either in choice speci- 
mens or in chosen localities, a vield of three and even of four 
percent., has lH»en reported, lint a sanguine estimate for the 
l)roductive veins of the region could not exceed two per cent.. 
and even this could onlv 1k» reached bv careful work and the re- 

ft ■' 

jection of \\ooy material. The whole of the stanniferous material 
must Vie mined ami picked over or crushed and washed inonlerto 
extract the ore. a process that <»ntails considerable labor and expense. 

It would be premature to giv(» any positive opinion regarding 
the contents of the veins as they are followed down, but judging 
from indications there is no ground to anticipate any change. 
The weathered material on the hill-side is scarcely richer than the 
lodes, nor are the ^'Streamings" to be compared in richness with 
those of some other parts of the world. Hence there is no rea- 
son to conclude that the jiortions of the veins already eroded were 
any richer than those now existing. Judging also from the ar- 
rangement and the .structure of the veins they will run out down- 
ward as at the surface, and be succeeded bv others, and thev will 
certainly vary much In richness from place to place — a fact which 
always reinlers lode-mining an uncertain occupation. 

There has been x\\\ immense expenditure of money during the past 
ft*w veal's in the Hills, in mining machinery and other plant, and itis 
onlv reasonable U^ expect s(mie return of metid from the outlay at 
no distant date. Knormouscpiantities of cassiterite undoubtedly ex- 
ist in the granite in spiteof its sparse and fine diffusion in the rock, 
bnt the problem awaiting solution is whether or not it can be dbn- 
eentrated and reduced at a figure that will atfonl a reasonable profit. 
It is too earlv at present to sav what can be done with better ma* 
ehinery and nu'thods, and the practice of the most rigid eeonomy 
in the work. Hut the experience of a few years will show if the 
tin from the Black Hills can be produced at a figure saftlcientlv 
low to maintain itself in the open market of the world. If not. 
the subject of Hakota tin-mining will cease to l)e one of economic 
gt»ology, and will become merely a (juestion of the hight of the 
taritf-wall that can be built around it for its protection. 
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DISCOVERY OF A SECOND EXAMPLE OF THE 

MACROURAN DECAPOD CRUSTACEAN, 

PAL>EOPALi«:OMON NEWBERRYI. 

R. P. Whitfield, New York. 

Tlie occurrence of decapod crustaceans in the Devonian, or 
I-<ower Carboniferous strata, is so rare that the discovery of an 
individual is well worth recording; and as Palaopahtomon ncic- 
herrtji is the earliest or first of the group yet known, its occurrence 
may well be considered as of special importance. 

A few weeks ago T received from Dr. A. S. Tiffany, of Daven- 
port, Towa, under the name of Bc/itnomn's up., unde8cril)ed, a 
fossil crustacean so badly preserved as to be somewhat mislead- 
ing on first examination, but which, on being cleared from the 
rock in some of the critical parts, proved to belong to the genus 
Pnheopalfiomon, and so far as the specific features can be ascer- 
tained, to be identical with that species described in the Amer. 
*/our. nf iScienrCj Sd series, JS80, Vol. 19, pp. JiO-Jfl^ and subse- 
<|uently in the Annals (tf the New York Aeml. Sri., Der.^ I<S9(), 
p. o05. PL XI J, Figs. 19-21.* 

Tlie specimen is of about the same size as that figured as above, 
but much less perfect, as it shows only a part of the carapace, 
the right side and anterior end being quite defective. The basal 
joints of the antennse shown in the first example are entirely a))- 
sont in this one, and the first two segments of the abdomen, 
although present, are so crushed and folded as to be practically 
useless except to prove their existence. The other four segments 
are fairly preserved, and the central spine of the telson and right 
side of the flap are also tolerably well represented ; while parts of 
several of the ambulatory feet can be detected at points in the 
rock. 

No marked variation from the typical specimen can be found 
on this second example. The central or median ridge of the car- 
apace is well marked, and the two halves are slightly disconnected 
along the posterior portion of its length; while the lateral ridge, or 
carination, shown on the type, is strongly marked on the left side 
of the present one, and appears as an e4evated line, like a line of 
suture. There is also an area of depression extending from the 

* Figures of this and several other crustaceous fossils were distrib- 
uted on an albertype plate, wltli copies of the descriptions, extracted 
from the Amer, Jour, Sn.<, earlv in 1881, to the number of IIJO copies. 
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.•Ulterior marjrin, nt tlu* i)(>int of tlu» hitcral ungulntion. liackwani 
to the median line, nt al)out half the length of the carapace, form- 
in<r a lartje \' -shaped depressed area over tliis part of the siirfaa*. 
The ornamentation has been only pustules and pit^ on the cara- 
pace and seirnients. 

This specimen is said by Dr. A. S. TitTany to have bt^en found 
in the Kinder hook *^ronp at Kaskade. three miles west from the 
(•0U1I: house* at Jiurlington, Iowa, in a forty foot IkhI of clay shale 
containin<r many nodul(»s or concretions, one of which this has 
occui)ied. The type example of the genus and species alx>ve men- 
tioned was foun<l in a concretion, from the Krie shale at Leniv. 

« 

Lake Co.. Ohio, which is probably of the horizon of the Chemung! 
irroui) of Xew York, thousrh this is not entirelv settled. 



PHYSICS OF MOUNTAIN BUILDING; SOME FUN- 
DAMENTAL CONCEPTIONS. 

T. .Mem.\ici) liKAiJK, CK. F. <4. S., I»ark C<irner, BltiiidcU»*andM, Enj^r. 

( )ne of the most frequently urged objecti<ms against the theor}' of 
mountain evolution with which my name is associated* is its sup- 
[)osed inadf^iuacy to the prtMluction of the recpiisitc lateral pres- 
sure, r li()pc to Ik? able to show that much of this criticism Is 
founded upon misapprehension: that it in fact gives more play iu 
this direction than any otluM* theory consistent with geological 
fiicts. at present in the field. 

The fundamental idea underlying all these theories, and there 
are really very t'<'w of them, is that our glol>e is a cooUng spheroid. 
It arises from this, that orographic changes ciin only occur from 
Mctual loss of heat l)y a part of the sphei*oid, or by redistribution 
of heat and pressure relative or absolute. These principles will 
Ijecome more obvious as we pn)cee<l in our inquiry. 

(Muinges tlirectly brought about l>y actual loss of heat, or what 
is eidled secular c<)olinir. have formed the basis of a theorv that 
has held the li(»ld for a very long time, and when we do not in- 
(juire too closely into the reasoning uiK>n which it is fouudctl, or 
indulge iu (luantitative investigation, it meet« some of the fin»t 
/' ininri conceptions of the sort of an agent riKpiired to effc*ct the 
irigautic cornigMtious seen in some of the world's mountain chains. 
It has the merit of being a siiujile i<lea easily grasped, and the 

'•Oriiiin t)f Mountain KanL^'s. 
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postulates granted, capable of doing an immense amount of work. 
The (conception is now pretty generally recognized as founded on 
a fallacy, for the nucleus of the spheroid is not cooling, but only 
the outer rind to a very small depth while the shell itself is circum- 
ferentially contmcting, except at the actual surface. The result 
^being.as 1 was the first to point out, that a much less thickness of 
the crust than was generally supposed is in compression. All this 
is matter of recent scientific history! but for the further elucida- 
tion of the position I have taken up in my * 'Origin of Mountain 
Kanges/' T purpose showing that the secular contraction principle 
Avill only act as a mountain building agent — granting all the im- 
possible postulates recpiired for it — by an expenditure of heat 
and therefore initial energy out of all proiK)rtion to the work 
to be done. 

In order to illustrate my meaning and to get the conception 
well into the minds of my readers, I will assume a hard crust 
forming a shell 20 miles thick of equal temperature throughout, 
resting upon a heated nucleus such as we suppose obtains at pres- 
ent in our globe. Assume that this nucleus, cooling only on the 
outer surface to a depth of a few hundred miles, loses sufficient 
heat without in any way changing the temperature of the enclos- 
ing shell, to produce a contraction of 550 feet of a radial bar cut 
out of the nucleus, then in consecpience of the principle of cubical 
contraction the radius of the earth would be reduced bv three 
times this amount or 550 x«^= 1050 feet.+ The hard shell un- 
changed in dimensions would have to fit itself to the reduced nu- 
<*leus either by thickening or by corrugation. Let us assume the 
adjustment takes place by corrugation, then we shall have 
1050X 0.2S or 10,;U)2 feet of surplus circumference to dispose of 
in folds measured in any direction over a great circle of the globe. 

I have chosen the figure 550 for the purpose of easy compari- 
r^on because that is the amount of linear vertical expansion that 
would take place in a crust 20 miles thick as assumed in our ex- 
aniple<? raised 1000° Fahr. and is therefore an e(iuivalent amount 

*Origiu of Mountain lianges, Chap. xi. 

tSee Smithsonian Report. Record of Science for 1887 and 1888. 
McGee p. 240. 

JThis is not obvious at first sight, but it arises from the circumferen- 
tial str»-tching of the cooling outer layer over tlie uncooled portion of 
the nucleus. 

§2.7.j feet per mile per 100 Fahr. 
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to tlic* heat lost to produce 550 feet linear radial eoutraetioii in 
ji cooHnjj globe. 

Let us now examine the i)otency of the opiK)8ite principle of 
expansion which lies at the foundation of my theory. 1 have 
shown that if 10 miles of sediment were laid down on the crust 
of the earth, the underlying stnita would be raised t(MM)° Fahr. 
in temperature by the rising of the isogeotherms, and the bottom 
layei-s of sediment to the same temperature gradually shading off 
to the normal at the surface. [ have taken 20 miles in IhickneitK 
of the under crust and overh'ing sediment combined raised lOftO® 
Fahr. as representing my conception of the heating that wonld 
take place under the assumed conditi<mft. 

1 must also ask my readers, to assume that instead of the heat 
])eing lost, e(|ual to the production of such a contraction of the 
earth it is, by some non-conducting covering over the whole earth 
j)re vented from escaping into spac(». Under these conditions the 
heat from the nucleus would How into the assume<l shell 20 milet^ 
thi(*k. until the tempeniture of the shell and the nucleus lKH»mc 
eijualized. Jjct us now consider what w(mld bi* the effect on thi» 
shell when it was raised 10(M)° Fahr. in temperatures, intercepting 
the precise amount of iieat lost into sj>ace in the previous example. 

It is evi<lent, firstly, that if the co-etHcient t)f expansion wen* 
the same at all temperatures in the shell as in the c*<M>Iing mass it 
envelopes, the radius of the globe wouhl remain the same, if we 
consicler the ra<lius as measured to the mean of the irregularities 
of the surfa<'e which wouhl certainly come into l»eing. 

Secondly, though the cubic contents of the glolw would remain 
precisely the same. the redistribution of heat within the mass would 
product* certain stn*>s<'s and strains which we may easily picture 
to ourselves. The shell 20 miles thick, if it were iK>s8ible for it 
to receive this accession of heat an<l sustain it.self as a spheroidal 
shell, would iiK'rease in <liameter. Taking the mean diameter of 
the *»arth. considered as a sphere al 7012.41 miles,* and the ex- 
pansion 2.7.') feet per mile i)er 100° Fahr., the mean diameter of 
the spherical shell wouhl be increased 7012.41x27.5 = 217.591 
feet -41.2 miles. Hut it is evi<lent that this couhl not hapi)eu. 
but that the shfll must adapt itself to the nucleus, so leaving out 
of account for tln' pn'sent the contractitm of the nucleus, which 
wouhl b<» til*' sanu' as in the tirst example, there will l>e a suq>lus 

^Ilorschel. ()ntIin»'«iot' Astnmnmv. 
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of 129.368 miles over every great circle of the ^sphere to disjiose 

of in folds. 

Thus we see plainly that with the same loss of energy by the 

nucleus, very different effects are produced; the interception of 
the heat otherwise radiated into space, would provide lateral pres- 
sure by expansion compared to lateral pressure by secular cool- 
ing in the proportion of 129.368 to 1.96, or in round figures 
♦>6 times us much. It is worth noting that any effect in corrugat- 
ing the 20 miles shell produced by contraction in the first example 
would add to and intensify the effect in the second example. 

These two comparisons are given merely as extreme illustra- 
tions to enable others to grasp the essential difference between 
expansion and secular contraction as mountain building agents — 
neither case is reproduced in nature, but both partially so. In 
place of the absolute non-conductor assumed to envelope the 
globe in the last example, put sedimentary deposits over a portion 
of it. Under these portions a re-distribution of heat occurs in 
precisely the same manner, though in less degree than in our ex- 
ample, for the sediments do not stop all the heat — only a portion 
thereof. The globe goes on losing heat as before, but much less 
under the sedimentary areas than where denudation is taking 
place, or where the condition of the crust is completely stationar}', 
like in the non-sedimentary depths of the great oceans. It is to 
the relative distribution of heat in the earth and its crust that we 
must look for our mountain building agents and for the recpiisite 
stresses and strains. Some physicists, by a confusion of ideas, 
have supix)sed, that because there is no actual increase of heat 
under a sedimentary area simply through the raising of the iso- 
geotherms, no mountain building can in this way take place. If 
the idea had been properly thought out the fallacy would readily 
have been detected. 

I have dealt with this fundamental idea of the expansion of 
the crust through the interception of heat that would otherwise 
be wasted into space because it underlies my theory of mountain 
formation. I trust my readers will not therefore take this part 
for the whole of the theory for the rising of the isogeotherms is 
the initiatory precedent condition only. 

I have described fulh' in my Origin of Mountain Kanges an<l 
in the outline of my ^'Theory of the Origin of Mountain Ranges 
by cumulative recurrent expansion" published In this magazine 
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Nov. 2, ISDl/' the inuimor in which the internal forces of the 
earth are thus unlocketl. 

Wlien we come to test physical thi'ories hy geological facts it 
is impossible to ignore the intimate relation that exists betweeu 
sedimentation and mountain formation. It is ((uite iiiinecf>ssaiT 
for me to dwell upon this in an American publication, for it is to 
the lasting credit (»f American giHjlogists that they were the first 
to '.establish the fact, and no theory which doi^ not take it into 
account as a fii'st prinrip/r will ever be likely to estiiblish itself 
as a reasonable explanation. This has lieen seen by many 
and from th(^ time of Sir John llerschel down to the present, 
loading by sedimentation and unloading by denudation have been 
considcre<l more or less a cent en una. It does not uecnl deep 
thinking however to see that this can l)e but a partial explanation. 
It is a machinery that must in the absence of some other opposite 
force evidently come to an i^vn\ — it must ran ifotni. Some of the 
geologists of the Indian Survey account for the suppose<l con- 
tinued rising of the Himalayas in a similar way bv the denudation 
of the mountains and the laying down of sediment on their 
thinks and on the (iangctic phiin. At the best, whatever value we 
may lie inclined to attach to the explanation, the Himalayas can- 
not have on'</iii(ftful in this manner. It is not a theory of *»o/-i\/i«" 
])ut of "nhiinffufiurr" and the lateral pressure that it provides. 
is. compared with any form of the contraction or expansion 
theories, almost zero. 

Mr. Fisher has lately introduced the conception of a tiuid zone 
.»^ubjcct to convection currents. These convection currents tiow- 
ing from under tla* crust under the great oceans are supposcnl to 
<lrag the crust towards the continents and to pnHluce lateral pres- 
sure and mountain folding on their margins, (iranting all the 
hypntlietical conditions required — and this is gnuiting a 
great ileal --it is ditticult to conceive how convection current!) 
which can only originat(» fnnn ditferences of specific gravity in 
the tiuid itself, due to ditferences of temperatun*, could product* 
the necessary force, and still less, act continuously in certain 
directions through all the great time occupied in the building of 
a mountain range. A mountain range is too permanent a feature 
of the earth s surface to havi' originate*! or been maintained in 
this manner. 
*<>ritriniillv niiblihhcMl in the Phil. M«i:. 
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But perhaps I am unable to do justice to Mr. Fisher's views as 
I feel insurmountable difficulties in looking at the problem from 
his standpoint. 

AVe have now almost exhausted the catalogue of initiatory 
compressive agents invoked by various authors for the production 
of mountain ranges. It remains to consider a final one, namely, the 
intrusion of molten matter into the crust, and the detrusion and 
throwing back of the upper strata due to the forcing up of tongues 
or folds of the strata below. These agents can, however, be only 
secondary effects of expansion or compression, not initiatory 
forces. Nevertheless they play a very important part in the fold- 
ing and building up of a mountain range which \ have explained 
very fully in the * 'Origin of Mountain Ranges.'" 

1 trust I have now said enough to show that simple expansion 
by increase of temperature is by far the most potent of any 
known cause in the production of lateral pressure in the earth's 
<'rust. If to this we add recurrent expansion and the other 
agencies I have endeavored to show from geol<»gical and physi- 
cal data are concerned in the buiidinj; of a mountain ran<re. we 
arrive at a satisfactory solution of the great problem of the fold- 
ing and elevation of mountain chains. 

Jan. IS, 1892. 



NOTE ON THE OCCURRENCE OF ERRATIC CAM- 
BRIAN KOSSILS IN THE NEOCENE GRAV- 
ELS OF THE ISLAND OF MARTHA'S 

VINEYARD. 

r 

By J. B. WoomvouTii, SoiiHTvUh', Mns»s. 

In the course of an examination of the dislocated Neocene* strata 
of the island of Martha's V'ineyard, carried on under the supervision 
of Prof. N. S. Shaler, for thcF. S. Geological Survey, during the 
summei*s of 1880 and 181)0, I collected a number of chert peb- 
bles from the white ([uartz gravel or ''osseous conglomerate " of 
(fay Head, and from an outcrop of tin* same age in the village* of 
West Tisbury. Several of thes(» specimens prove<l to be fossilif- 
erous. one from the localitv In AVest Tisburv contains a fossil 
which, on close examination, is seen to be the zonnt harian coral, 
J'Jf/nnojf/ij/llfuii, Meek, of the Lower (^imbrian. 

♦Neocene is here used to designate the Miocene strata of Gay Head. 
Bee 10th annual Rept. U. S. Geol. Survey, p. 65. 
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The accompanying diagram. Fig. 1 . represents a crosH section 
of the coral, the outer wall, where wanting, being indicated by 
the (lotted line. The fragment found is mm. in diameter. Fig. 
2 represents a longitudinal section of the inner poriferaus 
structure. 

This form bears a close i-esemblance to Ethnytphyllinn tr/tifttt*ift\ 
Meek,* except that the i*adiating septa mei»t tlie outer wall at a 
much less distance than in the figured specimens of this si>ecies. 
The number of septal is about the same, l>eing at least 'M\. Some 
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doubt is entertained as to the exact e([ui valency of the num1x*r by 
reason of the partial loss of the outer wall and some of the septa 
in the specimen. 

The pebbles of chert from the ossih>us conglomerates at Gay 
Head show less clearly their organic contents, but coralline struc- 
ture has been detected in a numln'r of pebbles. Those c^outain- 
ing fossils nre of dark blue, almost black chert, are more or less 
rcmnded. snio(»tliened and iM)lisheil, and range in .diameter fn)m 
half an inch to pieces two or three times this size. 

Orrftrrtitrr n/ tlip I^t'hhhs: Thcse fossiliferous jHsbbles have so 
far lieen foun<l by me <»nly in the Neocene beds carrying the 
remains of Cetaeeie and sharks, and in the base of the overlying 
greensand in the pla<H»s when* the os.seous conglomerate was par- 
tially or wholly n^organized in the dei)osition of the greensand. 
At <Jay Head, the o.sseous couglonn'mte is on the average about 
one f<M)t thick, but in West Tisburv it attains a thickness 
of at least two. and in some places, three f(K?t, being apparently 
the fossiliferous upper portion of the white sands and clays which 
were de|x>sited upon the plant -liearing (VetactM*us beds deHcriljed 
by Mr. ('. l>. White, t The nunibt»r of these chert i)ebbles in the 
Ne<MM'ne gravel brds is relatively small, the mass of the deposit 
being composed of (piartz of vein origin. In the (Say Head sec- 

='=C. D. Wiiloott: lOtli Aunual \i(^[M. l\ S. G. S., p. 001, pL LV. 

+()n (.'retacpous Plants from Martha's Vinevanl, -t//i, J'^ywr. 5r«., (Ill) 
\\M\, IHIM), pp. IKMOl. 
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tiou. perhaps one per cent, of the pebbles in the osseons con- 
glomerate are of chert. 

ImnHdiitte on gin of the Chert: The immediate source of these 
fossiliferous Cam.brian pebbles is apparently to be found in the 
coarse sands and gravjels underlying the Neocene formations. 
The age of these beds has not yet been definitely settled : They 
lie. unconformably, by slight erosion of their upper surface, 
V)elow the marine Neocene or osseous conglomerate, and they 
overlie, without recognizable unconformity, the plant bearing 
(Cretaceous beds which include the Ga}' Head lignites. On 
account of this apparent continuity of deposition succeeding the 
Cretaceous beds, the sands and gravels may tentativel}' be con- 
sidered of the same age. No fossiliferous pebbles have as yet been 
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Viu. 'i. Correlation nei'tioii of the Htratti involved In the Gay Head dinlocation, ohow- 
iiiir poHition of oMneoiis t*(»n);lomerate, and Cretaceous jjraveU. 

found in the exposures of these Cretaceous sands and gravels, 
although they are probably present in these beds, as is shown by 
the consideration of the origin of the detritus in the osseous 
conglomerate. 

The detritus of the osseous conglomerate appears to have been 
derived as follows: Sometime after the deposition of the Creta- 
ceous sands, clays and gravels, the surface of this formation was 
i»xi)osed to ablation in a manner to assort out and carry further 
down the coastal slope much of the finer material, leaving behind 
after a short carriage, a stratum of coarse gravel of the thickness 
previously described. That this quartz pebble conglomerate at the 
biLseof the identified Neocene was derived from the underlying Cre- 
taceous beds b}' a sifting process like that just appealed to. and not 
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by tlie erosion and (loiK>silioii of fresh detritus from the granites 
jrneisses, sandstones mid other chistie rocks of the mainland, is 
sliown by the fact tliat no decH>ini)osabIe rooks of fehlspathic com- 
position exist in tiie stratum. This view of the origin of Home 
of the Tertiary and perhaps earlier Pleistocene gnivels of New 
Jersey and lionjr Island has been advanced bv Mr. N. L. Brit ton * 

It is possible to trace the (pnirtz pebbles and associated cherts 
to a previous cycle of d(»position, in which, l)efore the making of 
the Cretac(»ous beds, the (puirtz pebbles with the cherts composed 
the liner, (|nartz<»se conglomerates of the middle and lower jior- 
t ions of the Xarragansett coal basin. In the coal bearing section 
of these rocks, then* occur numerous beds which, but for their 
consoli<lation and bhu^k (?olor, closely resemble the Martha's 
Vineyard gravels, tlu? thickness of which is explained by the 
extensive erosion of these antecedent Carbonifertms beds. 

Ornjiiuil snnrri itf tin (rhcrta: The veiu (piart^ in the Carbon- 
ifei-ous appears origiiuilly to have come from the disintegration of 
a terrane thickly set with (puirtz veins, as Hritton has suggested in 
the case of similar (pnirtz i)el)bles in the (^oast plain of New Jer- 
sey; but the fossiliferous chert pebbles with identifiable fossils 
clearly point to a nion^ definite association of rocks. Cherts 
naturally associate themselves with linu»stones, though rareh' with 
sandstones, as in the Oriskany, and with shales; but the occur- 
n^nce of chert pebliles in the lower Cambrian, siliceous limestones 
of Naliant. makes it seem probable that the Martha's Vinevanl 
ch<»rts were also derived from a calcareous section of the Olencllus 
Canibriiin. As yet the nodules of the Nahant horizon have not lieen 
shown tocarry Kthniophyllumand its congeners, yet Louis Agassiz. t 
in ISoii. reported finding in them the structure of an A$ti'^t*'n. 

The locality of lower Cambrian nearest to Gay Plead is that of 
the red shales of North Attleboro. + a distance of fifty miles, but 
no n< whiles have been observed in the Attlel.)oro section. Tliat 
there is in the southern c*)ast of Massachusetts or Rhode Island 
the seat of an extensive (^imbrian section now concealed or 
removeil by erosion, is shown by tlu^ abundant fnigments of Cam- 
brian (piartzite> found in the coarser (conglomerates of the Car- 

♦Ainerican Naturalist, 1875, XX I II, p. 103;J. 

+L. Airassi/: Proc. Am. Acid, 11, p. 270; also I'roc. Boston Soc*. Nat. 
Hist., Ill, p :UI, 1S50. 

JN. S. SlmltT: On tin* ir»M)l()iry of tlie. Camhriaa district of Bristol 
(i)., Mas-., ibilli'tin Mus. C'omp. Z'H)!., \vi, 1SS8, p. i:{. 
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]>oniferous, particularly on the southern border. These pebbles 
carry I/ingula* worm burrows, and more rarely pteropod casts. 
They have been found at Dighton,* Mass., in the Newport con- 
glomerate by Dale;t 1 have found Lingulte in a quartzite pebble 
in the red Carboniferous rocks of Attleboro, and they occur in the 
<rlacial drift on (lay Head, Marthas Vineyard, and Nantucket in 
gr(»at abun<lance. These quartzite pebbles, however, do not occur 
in the Neocene gravels, their absence being apparently due to the 
relative eas<' with which their friable material has been reduced 
to sand in the repeated migrations of detritus which have deter- 
mined the nature of the Neocene gravels. 

The finding of these chert pebbles adds nothing to the evidence 
concerning the probable extent of Cambrian deposits in this pai't 
of the state at some time in the past, unless it be to indicate that 
we have to look for an extension of the Calcareous series which 
outcrops near Cape Ann, J at Nahant, and on Mill River, in Wey- 
mouth, i^ The general trend of this formation in the direction in 
which we should expect to find the source of the chert pebbles i» 
an incentive to more careful search, which it is the object of this 
paper to foster b}' calling attention to these less easily seen traces 
<^f the Cambrian sediments and fauna. 

\ am indebted to professor Shaler for kind permission to publish 
the notes concerning this collection of fossiliferous pebbles. 



ISOBASES OF POST-GLACIAL ELEVATION. 

By Bakon Gerard dk (Jeer, Stockhulni, Sweden, 

After the session of the International Congress of Geologists, 
last summer, in Washington, I made a journc}' of two months 
nlong the coasts of New England and Canada and inland along 
the St. Lawrence and Ottawa valleys, with the principal purpose 
of determining the limit of the Champlain submergence and the 
nniount of the subsequent post-glacial elevation. The following 
is a brief outline of the results obtained: 

Traces of sea action and marine deposits of Pleistocene age 

*W. B. Uogers: Proc. BostOQ 8oc. Nat. Hist., 1860, Vol. VII, pp. 
;JS9-91; W. W. Dodge, ihid, Vol XVII, p. 406. 

tT. N. Dale: Proc. Newport Nat. Hist. Soc , 1884-5, Doc. 3, p. 9. 

J.John II. Sears: Bulletin, Essex Institute. XXIII, pp. 12-16, 1891. 

i^Aug. F. Foerste: Proc. Boston Soc. Nat. Hist., XXIV, pp. 261-268: 1889. 
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jilM>ve the present sea level were found only north and northwest 
of M line drawn from some point probably a little north of New 
York city to another l>etween cape Cod and Boston and through 
Nova Scotia. In the northwestern part of Nova Scotia the limit 
(»f the uplifted marine dejiosits was found at a height of only 
about forty feet. Starting from this line the marine limit grad. 
uallv rises toward the northwest, so that another line, called an 
isobase, drawn througli |K)ints which have been uphc^aved 300 
feet, passes pro])ably from nc»ar Niagam falls by Albany, N. Y., 
and Augusta, Maine, to Moncton, N. B., whence it tum8 back- 
ward, miming northwesterly and northerly, crossing the St. I^aw- 
rence estuary alx>ut half way between cape Gasix* and the 
Saguenay. 

The fiO(l-ft. isobiLse is probably to be drawn from Georgian Imy 
past the outlet of lake Ontario, through the southern part of the 
Adirondacks. and thence east -northeast nearly toMoosohead lake. 
Here it makes an abrupt bend to the north and west, similar with 
the loop of the *>(M»-feet isobase at Moncton, and runs first west- 
ward to some point not far from Three Hi vers, and thence, turn- 
ing again northeastward, it passes along the north shore of the 
St, Jjawrence estuary. The highest directly deterniineil point 
of the former shore line of the submerged an>a was near Ot- 
tawa. SOUK* what m(»re than 700 feet above the sea level. 

On the northern slope of the Adirondacks a gravel and sand 
deposit was found, which was evidently formed ])y a glacial river 
that probably owt»<l its origin to the outlet of lake lro(|Uoi8. when 
that glacial lake had sunk from its highest stage and was drained 
iKjtween the Adirondacks and the shrinking land.ice. The level 
of the nuirine limit in the neigh])orhood shows that the post-glacial 
elevation there has been no more than three- fourths of the hight 
of the lro<[Uois beach. 

\Vhen the i<'(»-barrier of lake Iro(iuois was removed, it seems 
that the sea must have extended from the prolonged gulf of St. 
]iawrene(» by one branch into the Ontario basin; by another 
through the Ottawa valley antl Lake Nipissing hito lake Huron. 
unless that pass was still occupied by the land-ice; and by a third 
branch through lake Chaniplain down to New York, thus prolwbly 
fonniu": a strait in the lluds(»n valley. 

The scarcity or absence of marine fossils in these branches or 
inlets of the sea is closely analogous with the conditions of the 
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miicli larger, brackish Baltic sea at the time of departure of the 
Scandinavian ice-sheet and also at the present day. 

As to the extent and geological nature of the uplift, there is a 
very close resemblance between the conditions in North America 
and Scandinavia. Tn each country' the maximum upheaval has 
taken place in the center of the old Archaean area of denudation 
which forms the nucleus of the continent, and at the same time is 
the tnict where the load of the land- ice was heaviest. The 
amount of the upheaval and the ice-load decreased in the same 
<Urections. Thus the upheaval of the gulf of St. Lawrence was 
less than of the adjoining tracts on the south and north; and 
this accords with the observations of Mr. Chalmers, who has 
shown that the land-ice moved from all sides toward this depres- 
sion, gradually thinning out there. 

It is also to ])e remarked that the boundary of the uplifted area 
is pretty nearly coincident with the limit of the last glaciation. 



BIBLIOGRAPHY OF NORTH AMERICAN VERTE- 
BRATE PAL/EONTOLOGY FOR THE 

YEAR 1891. 

By John Eveuman, Easton, Pa. 
Vertebrate Pala?ontology has lost one of its most eminent work- 
ers and authorities in the death of Joseph Leidy, M. D., LL. D. 
For the past forty years ]>r. Leidy's papers on this subject aver- 
aged about six a year, many of these papers being memoirs of 
more than a hundred pages. Many tributes to his memory have 
been written, >)ut the writer calls particular attention to the arti- 
cles b}' Dr. Henry C. Chapman (Proc. Acad. Nat. Sci., 1891, pt. 
11, pp. :542-388), Dr. Harrison Allen (' 'Professor Joseph Leidy: 
His Lalx)rs in the field of Vertebrate Anatomy,'' Science 18, Nov. 
1 ?>, p. 274) and No. 26 of this Jiibliograpliy. 

a. Ami, H. H. See Cope No. e. 

b. Ami, H. M.— See Cope No. f. 

1. Barbour, E. H.— Remains of the Primitive Klephant 
found in Grinnell, Ta., Science, IG, Nov. 7. 1800, p. 26:5. 

2. Baur, G- — Notes on some little known American fossil 
Tortoises. Proc. Acad. Nat. Sci., 1801, pp. 411-480. 

*3. Baur, G. — O" the Characters and Svstematic Position of 
the Large Sea-Lizards, Mosa.sauridie. Science, 1(1, Nov. 7, 1800, 
pp. 2r>2. 
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4. Baur, G. — On Intorcalation of Vertebiw. Jour. Mor]>li. 

4., Jan.. pp. :{:n-:^:5i;. 

."). Baur, G. — On tho UehitionH of Carettocbeh's, Ramsay. 
Am. Nat., 27), .Inly, i)p. (IIU-liJJJK partly pal. 

<>. Baur, G. — Rouiarks oh lU»pliles jrenenilly called Diii<:>saii- 
ria. Am. Nat., 25, May, pp. 4:U-4r>4. 

e. Baur, G. — Remarks on Reptiles generally callotl Dinc>s- 
anria. Review in Am. (ieol.. 8, July, p. 55. 

T. Baur, G-- -The Homed Sanrians <»f the Laramie Forma- 
tion. Science 17, April 17, pp. 21(5-217. 

J^. Baur, G. — The IVlvis of the Testndinata; with Notes on 
the Kvolution of the Pelvis in General. Jour. Morpli., 4. Jan., 

pp. :J45-:^on: ill. 

d. Cannon, Jr., G. L. — Identification of a Dinosaur from 
the Denver Trroup. Proc. Colo. Sci. Soc, Vol. Ill, IHJMI. p. 
25!). A short note. 

'•^ Clark, W. (Herea. Ohio.) — Announcement of Discovery of 
Fossil Fish in Ohio. (J. K. ) Am. (U'ol. 7, Feb., pp. 14:M44. 

10. Claypole, E. W. — Me*ralonyx in riolmes county, Ohio, 
1S<H). Am. (Jeol., 7. Feb., pp.l22-i:i2. Id. 7, March, pp. 145- 
141i. 

e. Cope, E, D. — Kxtinct Canadian Vertebrata from the Mio- 
cene rocks of the North w(»st TiTritories of Canada. Al>8tract of 
No. 17 by Henry .M. Ami. Ottawa Nat. V., No. 4, July, pp. 
71-77. 

f. Cope, E, D,- -On some Kxtinct Vertebrata from the Mio- 
<'em' rocks of the Northwest Territories of (^uiada, recently de- 
scribed bv Professor Cope. Abstract of No. 17 bv Honrv M. 
.Vmi. Science IS. July, p. 5!). 

1 1. Cope, E, D. -On a New llori/on of Fossil Fishes. Road 
}»cforc A. A. A. S.. ISJU. 

12. Cope, E, D. — On a Skull of Kcpins Kxcelsus Lcidy. from 
the Kquus beds of Texas. .Vm. Nat.. 25, Octo., pp. 912-91:$. 

l.'». Cope, E. D. On Some New Fishes from South Da- 
kota. l>escribin»r three new jrenera and five new species from the 
White lliver Neocene of Ree Hills. Am. Nat., 25, July, 1891, 
pp. r»54-(»5S. 

11. Cope, E. D. On the characters of some PalaK>zoic 
Fishes. IVoc. v. S. National .Museum. Vol. XIV, pp. 447-463; 
ill. I. On a new Klasmobranch from tlie Permian. 11. On 
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new Ichthyodorulites. 111. On the Cranial Structure of Macro- 
lietiiliclithys. IV. On the pectoral limb of the genus Holonema, 
Newberry. V. On the Paired fins of Megalichthys nitidus, Cope. 
VT. On new species of Platysomidee. 

il. Cope, E. D. — On the Cranial. Characters of Eqnus excel- 
siis Leidy. Abstract in Am. Geol. 8, Oct., 231-232. Read be- 
fore A. A. A. S., 1S91. 

IT). Cope, E. D. — On the Xon-Actinopterygian Teleostomi. 
Am. Nat. 25, May, 470-481. 

ir». Cope, E. D. — On Two New Perissodactyles from' the 
White River Neocene of Nebraska. Am. Nat. 25, Jan. 47- 
4J). 

17. Cope, E. D. — On Vertebrata from the Tertiary and Cre- 
taceous Rocks of the North-West Territory. I. The Species 
from the Oligocene or Lower Miocene beds of the Cypress Hills, 
(ieol. Sur. of Canada iii (quarto), pp. 1-25; ill. 

h. Cope, E, D. — On the Vertebrata from the Tertiary and 
Cretaceous Rocks of the North-West Territory of Canada. Re- 
view in Am. Geol. 8, Nov. p. 326. 

1"^. Cope, E. D.— The Califoinia Cave Bear. Am. Nat. 25, 
Nov. pp. 9f»7-J»00, ill. 

1*^ Cope, E. D. — Litoptema. Am. Nat. 25, Aug. pp. (>85- 
r»!K5:ili. 

20. Cragin, F. W. — New Observations on the Genus Triua- 
■cTomerum. Am. Geol. 8, Sept. pp. 171-174. 

21. Dall, W. H. — Age of the Peace Creek Bone- Beds of 
Florida. Biol. Soc. AVash. March, 1801. 

i. Dall, W, H. — Age of the Peace Creek Bone-Beds of Flor- 
ida. Abstract in Am. Nat. 25, April, pp. 400-401. 

j. Dawson, J. W. — Mode of Occurrence of Remains of 
Land Animals in Krect Trees of the C^oal Formation. Trans. 
Roy. Soc. Can. 1891 (issued 1892). 

22. Dawson, J. W. — Note on Hylonomus lyelli. Geol. 
Mag. HI, 8, June, p. 258. 

23. Dawson, J. W. — On Donhfrpitnit ((radian urn and other 
Carlx)niferous amphibians. Geol. Mag. in, 8, April, 145-155. 

24. Earle, C. — On a New Species of Palieosyops. Am. Nat. 
2."). Jan, pp, 45-47; ill. 

25. Earle, 0. — Pal^osyops and allied Genera. Proc. Acad. 
Nat. Sci. 1801, pp. 106-117; ill. 
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k. Earle, C. — PaWosN^ops mid allied Genera. Review in 
Am. Geol. 7, June, pp. :581-382. 

^i). Eyerman, J. — A Catalogue of tlic PalfiK>ntologic:Ll PnU- 
licutions of Joseph Leidy, M. I)., LIj. I). Am. (leol. 8. Nov.. 

pp. :5:i:MU2. 

27. Eyerman, J. — Bibliography of North American Verte- 
brate Palivontology for the year l^^OO. Am. (leoI. 7, April, pp. 

2:n-2:is. 

28. Eyerman, J. — Discovery of Mastodon Remains in the 
Shenandoah Valley. Note in Am. (Jeol. 7, May, p. 385. 

29. Felix, J. — Cretaceous Fishes from Mexico.^ — Palivonto- 
graphica, J>7, i)p. 1S!)-194. 

1. Felix, J. — Cretaceous Fishes from Mexico. Review iu 
Geol. Mag. in, S, Nov. p. 514. 

;5(>. Kost, J. — Mastodons and other mammals from the chan- 
nel of the Ichetucknee River, Florida. Note. Am. Geol. jS. 

Sept., p. nn. 

*n. Lucas, F. A. — Anatomy of Kesperornis. Biol. St»c. 
AVash. March, 1S<H. 

m. Lucas, F. A. -Anatomy of ITesperornis. Aljstraet in 
Am. Xat. 25, April, p. 401. 

.■>2. Lucas, F. A. — A Specimen of lM**m lati/rnita from 
Florida. Biol. Soc. AVash. March, ISIH. 

•>3. Harsh, 0. C, — A Horned Artiodactyle from the Miocen*' 
Am. J. Scl., 51, .Jan., p. SI. 

I>4. Harsh, 0. C.--<Jeoloj?ic'al Horizons as detcrminetl by 
Vcrtel>ratc Fossils. Am. J. Sci. 52, Octo., pp. 336-338, ill. 

35. Harsh, 0. C. — Notes on Mesozoic Mammtiliti. Am. 

Xat. 25, July, pp. <>ii-(;n;. 

n. Marsh, 0. C— Notes on Mesozoic Mammalia. Pnx*. 
Acad. Nat. Sci. l.^iU. pp. 237-241. 

3(>. Harsh, 0. C. —Notice of New Vertebrate Fossils. Am. 
.J. Sci. 52, Sept.. pp. 2(;5-2i;f». 

37. Harsh, 0. C- On the (^rctaceous Mammals of North 
.Vnierica. Hrit. Assn. Kept. ISMO. p. S53. 

o. Harsh, 0. C. - On the (1 iojantic Ceratopsidae (or Honie«i 
Dinosaurs) of North America. Brit. Assn. Rept. 1800. p. 

7o:j. 

3S. Harsh, 0. C. — Hcstorationof Stegosaurus. Am. J. Sei. 
52, Au^r., pp. 17U-1S1 : ill. 



T Wtehra te Palmmfologif, — EyertN an, 253 

p. Marsh, 0. C. — Restoration of Stegostiurus. (reol. Mag. 
Til. S. Sept., pp. 885-387 ; ill. 

<1 Harsh, 0. C. — Restoration of Triceratops. Geol. Mag. 
III. S, June, pp. 248-249; ill. 

o9. Harsh, 0. C. — Restoration of Triceratops. Am. J. Sei. 
"> 1 , March, pp. 339-342 ; ill. 

4(1. Harsh, 0. C. — The Gigantic Ceratopsidae, or Horned 
Dinosaurs of North America. Am. J. Sei., 51, Feb., pp. 1(37- 
17S: ill. 

r. Harsh, 0. C. — The Gigantic Ceratopsida?. Geol. Mag., 
in. s. May, pp. 193-198; n/. June, pp. 241-247; ill. 

41. Hatthew, G. F. — Fish Remains in the Lower Helder- 
herg of New Brunswick. Note. Am. Geol, 8, Jnly, p. G2. 

42. Hoore, J. — A recent Find of Musk-Ox remains in 
Indiana. Indiana Acad. Sei., Dec, 1890. 

43. Hoore, J. — Concerning some portions of Castoroides 
ohioensis not heretofore known. Proc. A. A. A. S. ,1890. Ab- 
stract p. 205. 

44. Orton, E. — Megalonyx jetfei*soni, Harlan. Com. to 
4JoologicalSociety, Wash., Dec, 1890, nWr Chiypole,E. W. No. 

10. 

45. Osborn, H. F. — A reply to Professor Marsh's '^Note on 
Mesozoic Mammalia." Am, Nat., 25. Sept., pp. 775-783. 

s. Osborn, H. F. — A Reply to Professor ^Farsh's ''Note on 
Mesozoic Mammalia." Read before A. A. A. S., 1891. 

M\. Osborn, H. F. — A Review of the Cretaceous Mammalia. 
Soc. of Morph, , Boston, Dec, 1890. 

t. Osborn, H. F. — A Review of the Cretaceous Mammalia. 
Proc Acad. Nat. Sei., 1890, pp. 124-135. 

47. Osborn, H. F. — A Review of the Cretaceous Mammalian 
Fauna of North America. Biol. Soc, Wash., Feb., 1891. 

u. Osborn, H. F. — A Review of the Cretaceous Mammalian 
Fauna of North America. Abstract in Am. Nat.. 25, March, pp. 
:flis-299. 

4S. Osborn. JH. F.— -A Review of the Discovery of Creta- 
tiiceous Mammalia. Am. Nat, 25, July. pp. 595-()10; ill. 

V. Osborn, H. F. — A Review of the Discovery of Creta- 
ceous Mammalia. Abstract Am. Nat., Jau., pp. 44-45. 

49. Osborn, H. F. — Meniscotheriida? and Chalicotherioidea 
Am. Nat., 25, Octo., pp. 911-912. 
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w. Osborn, H. F. — ()» the Molars of the Perisftodactyla. 
Koview of No. 4:J (Am. (reol, 7, p. 2:U), ISJU : also riW^ No. y of 
this eat^iloguc) by Mr. Lydekker. Oeol. Mag., HI, 8. July, pp. 

:n7 \vn. 

50. Osborn, H. F. — Some Characteristics of the Primitivi* 
Yortelirate Brain. Amor. Morph. Soc, Boston, Dec. 30, ISlHi. 

51. Pan ton, J. H. — The Mastodon and Mammoth in OnUi- 
rio, Canada. A})strnet inGtK>l. Mag., Ill, S, Nov., p. 504. 

52. Safford, J. H. — Kxhibiticm of certain bones of Megul- 
onyx, not before known. A. A. A. S., 1891. Abstract in Am. 
Geol. S, Octo. p. 2:^2, also note Id, Sept., p. 103. 

53. Safford, J. H. — The Pelvis of the Megalonyx and the 
lot of undescribed Bones, among which it is found from Big 
Bone (^ive in Tennessee. (Jeol. Soc. Am. Aug., 1891. 

54. Scott, W. B. — On the Osteologj* of Mesohippus ami 
Leptomeryx, with Observations on the Modes and Factors of 
K volution in the ^Mammalia. Jour. Morph. v, No. 3, Dec., pp. 
301-400: ill. Issued Jan. 30, 1892. 

55. Scott, W. B. — On the Osteology of Pcebrotherium, A 
(Contribution to the Phylogeny of the Tylopoda. Jour. Morph. 
V, June, pp. 1-7S: ill. 

X. Scott, W. B. — On the Osteology of Pcvbrotherinm. Re- 
view in Am. Geol. 8, Nov , p. 327. 

5<). Scott, W. B. — The Princeton Scientific Kxpeflition of 
1891. Princeton College Bull., 1891, 4 pp. part geolog}'. 

y. Scott, W. B. and Osborn, H. P.— Preliminary' account 

of the fossil mammals from the AVhite River and Loup Fork 

formations, contained in tlu» 3Inseum of Comparative /oi'tlogv. 

Mih No. 4:; (Am. (ieol. 7. p. 23«;, 1^91). Beview in Am. Geol. 

7. Feb., pp. 134-135. 

57. Shufeldt, R. W.— A Study of the fossil Avifauna of the 
SilvtT Lake Hegion. Oregon. Read A. A. A. S. 1891. Abstract 
Am. (ieol. S, Octo.. p. 235. 

5S. Shufeldt, R. W.— Fossil Birds from the Kquus Beds of 
Oregon. Am. Nat. 25, Sept., pp. S1S-S21. Describing fourloen 
new species. 

z. Shufeldt, R. W. -On a (\>lleetion of Fossil Birds from the 
K(iiiiis Ik'ds of Oregon, i^iol. Soc. Wash., March, 1891. 

aa. Shufeldt, R. W. -On a (Collection of Fossil Birtls from 
the K(iuus I^cds of Orctrnn. Am. Nat. 25, April, pp. 359-3«2. 
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i">9. Udden, J. A. — Megalonyx beds in Kansas. Am. (tcoI. 
7, June, pp. 840-345; ill. 

bb. Walcott, C. D. — Discovery of Fish Remains in Lower 
Silurian Rocks. Notice by **L. A." in Science, 17, Feb. 20. p. 
107. 

cc, Walcott, C. D, — Discovery of Lower Silurian Fishes. 
Notice in Geol. Mag., in, 8, May, p. 240. 

<l(l. Walcott, C. D. — lil Am. J. Sci., 51, March, p. 245. 

ee. Walcott, C. D. — Id.Xm. Nat., 25, Feb., p. 187. 

60. Walcott, C. D. — The Lower Silurian (Ordovician) Ich- 
thvic Fauna and its Mode of Occurrence, (leol. Soc. Amer. . 
Aug., 1891. 

ff. Walcott, C. D. — The Oldest Fish Remains known. Ed- 
itorial comment in Am. Geol., 7, May, p. 820. 

61. Whitfield, R. P. — Mastodon Remains on New York 
Island. Science, 18, Dec. 18, p. 842. 

02. Williams, H. S. — On the Plates of Holonema rugosa. 
Abstract in Proc. A. A. A. S., 1890, p. 887. 

gg. Williston, S. W. — A Cimoliosaurus from the Niobrara 
Cretaceous of Kansas. Abstract in Am. Nat., 25, July, p. 658. 

<>8. Williston, S. W. — A new Plesiosaur from the Niobrara 
Cretaceous of Kansas. Kansas Acad. Sci., Nov., 1890, pp. 1-5. 

64. Williston, S. W. — Kansas Mosasaurs. Science, 18, 
Dec. 18, p. 845. 

<>5. Williston, S. W.— Structure of the Plesiosaurian Skull. 
Science, 16, Nov. 7, 1890, p. 262. 

i^^. Williston, S. W.— The Skull and Hind Extremity of 
Pteranodon. Am. Nat, 25, Dec, pp. 1124-1126. 

67. Woodward, A. S. — Catalogue of the Fossil Fishes of the 
British Museum, part II, LoiKlon. Des. of some Canadian species. 

List of New Forms, as Described in the Memoirs of the foregoing list: 

Allops crasfticornis Msh. *Brontotherium beds, So. Dak. +36 

Amia marroapondyla Cope. Oligocene, Canada, 17 

A. whiteavesiana Co\ie, Oligocene, Canada, 17 

A, inaconnellii Cope. Oligocene, Canada, 17 

Ammosaurus gen. nov. Marsh. Triassic, Conn., 36 

Anchisaurus colurus Msh, Triassic, Conn., 36 

Arrner rondoni Shnf. Equus beds. Pliocene, Oregon, 58 

Aquila pliogi'yphs Shuf. Equus beds, Oregon, 58 

♦Formation and locality. 
tRefers to number in memoir. 
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-4. sodah'ii Shuf. 
Anfc^i pahifi'n/nifaUi* Shuf. 
BthnoMtomuK ornntnn Felix. 
liranta jtropinfjfta Cope. 
Brontopfi Tali dun Msh. 
CivnopUit HintpUi'iihntt Coj)C. 
CimoUo$auritH snotcii Williston. 
Cori'ux (inun'trim Shuf. 
CtfnarftnthuH iinihhf.rii)hiiis Cope 
FuUt'ii minor Shuf. 
frephifnirn iren. nov. Cope. 
ir, 'unit'tntri'ui Cope. 
Ifyhodus rrt/ufdriii Cope. 
Ltii'UA nn-f/onuH Shuf. 
L. i'ohustn}< Shuf. 
3finodnn pdtoreruH Cope. 
.Vioftloifus ntuflidt'nUitni* Cope. 
OHtjophi rt'h hh «// namipiu nis. 
Oh'f/ojtltirc/iftM iren. uov. (\)pe. 
O. xi/uit/nijtinniM Cope. 
(ff out if la ireu. uov. Felix. 
O. itpfcioHii F<'lix. 
PtihtonyopH intf/urhi/iUM Karle. 
P. iiiinnr Karle. 
Piihiotttrix f/iUii S. 
Ptihiotftri.i' ireii. uov. Shuf. 
/'. aHUi, Shuf. 
Ft'dfOnitt'M hn'iiKii Shuf. 
P. nanffs Shuf. 
/Vm; nii'Optf /'US ropt i Shuf. 
J*fafi/xomffi* Itiritriifh'is C.)j>e. 
]\ jtiifftKiris C'oi)e. 

Probalfnsfn/nUs li<Ml. UOV. Copi*. 
J*. Ioti*/nhis Cop<*. 
P/'ot'H'rntft «reu. UOV. Msh. 

lihinitHtt s rhtt,m Cope. 

/ Siirdi/nfK hhii'h'hnr),i Cope. 

Si'ojt 1'fiphtnjnn aJffniH Shuf. 

,<1ifptolmsis peu. uov. Cope. 

>'. Ittif/fififi/t'i Cop*'. 

Titfl/n'/tff nitdiux Msli. 

Toroi*finr"s «ren.nov. Msh. 

7'. tjhvUus Msli. 

7'. hitnu. Msh. 

'frft /'iifi'ffM tf'i/tts Msh. 

Trillin/ r h in'npntitinii'HH Cope. 
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OBSERVATIONS ON LLAMA REMAINS FROM COL- 
ORADO AND KANSAS. 

By F. W. Crauix, Colorado Springs, Col. 

Kestricting the gemis, Aiuhenia, to llama-like forms having the 
})remolaT formula f, and considering that the dentition of A. 
rttli/onu'ca (Leidy) is unknown, the transfer of A. hestcnui 
(Leidy) to the genus, J/oJomrniscua, which Cope* has suggested 
on the ground of the probable absence of Pm. I5,t has rendered 
it doubtful whether any of the west American CamdUJm belong 
to Anrhruia proper. 

T am indebted to Mr. 11. C. Hills, for opportunity to study the 
remains of a cameloid form obtained by him from volcanic ash- 
beds on a small tributarv of the Huerfano river, in Huerfano 
county, Colorado. These remains, which are now^ deposited in 
the cabinet of the Colorado Scientific Socictv at Denver, include 
considerable portions of both maxillaries and mandibles and more 
or less perfect contained teeth, with various other parts of the 
skeleton, and pertain to a true Auchmia, the molar dentition 
presenting the formula Pm. ;, M. i. 

T was at first inclined to identifv this Ant hen ia. with A. hesterna 
Leidy : but geographical and some other considerations seem to 
render it more probable that Cope's identification of the maxillary 
in the Condon collection from the Oregon desert with that species 
is correct; and it is certain that that maxillary, as described, 
represents a ditTerent species from the Huerfano county Auvhanln^ 
whether Cope's inference of the absence of Pm. 3, and his con- 
sequ(»nt reference of the specimen to the genus, Ilolomoiisctis, be 
justifiable or not. 

The Oregon desert maxillary is described as having the Pm. 4 
anteriorlv attenuated, and this to such an extent as to render it 
••almost certain that there was no third premolar in front of it. ' 
In the Huerfano spc^cimen, there is a well developed two-rooted 
antero-posteriorl}' elongate l^m.IJ, while the large three-rooted Pm.4 
is two-rooted anteriorly and has its crown in the form of a (juadrate 
prism, the gi'inding surface i)resenting a single large crescent ic la- 
cuna. In form, the third and fourth superior premolars thus have 
some ireneral resemblance to those of PmnnncJus onuJentah's. 



*E.\tinct Mammalia of the Valley of Mexico, p. 17. 

+lnferredfrom the anteriorl}' attenuated Pm. 4 in a superior maxillary 
fragment from the Oregon desert, believed by Prof. Cope to pertiin to 

hcafernfi. 
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In the Oi'egoii muxillury, the |K>sterior palatal foramen --issues 
o|)i)08ito the fourtli premolar's internal root.'* In the Huerfano 
specimen, it opens op})<)site the anterior part of the posterior root 
of the first tnie molar, or opposite the middle of the molar. 

In comparing the Huerfano si>ecimen with Leidy's type of A. 
hf'sfrrna, it will be noticed that the fourth inferior premolar in the 
former is, relatively to the adjacent first molar, larger than in the 
latter, and that, in form, it more closely approximates a triangu- 
lar prism or wedg<;: featun;s which are apparently only in part 
due to the somewhat more worn condition of the premolar of the 
HutTfano specimen, by reason of which (condition, however, the 
lacuna of the grinding-surface is closed instead of l>eing o|)en 
|)Osteriorly as in hvstvrnn. 

The strongly recurved posterior fifth 1o1m» of the last upper 
molar, in the Huerfano specimen, is but moderately developed: 
for, though the tooth has reached a more advanced stage of wear 
than has the last Imrvr molar of Leidy's type of hestmin^ it does 
not contribute* to the area of the grinding-surfaee, but l)ecomes 
obsolete before reaching the plane of the latter. 

Whatever nuiy be the final generic dis^wsal of the Califoniian 
hrstt-nnK and of the Oregon desert maxillary, the present speci- 
men is :i true Amlunin. It lacks, however, the * 'compression- 
folds" .setMi on the lower molars of recent llamas. Its size was 
closely ajiproximate to that of {* llohnneniants) Itesfirita, from 
which the available data indicate that it is pn)bably distinct. The 
species mav be known as Anrhrnin Innrtanrvtfh. 

I append the following measurements: 

Inchei*. 
Mandible, from symphy^iri to posterior border (latter ( ^k 

taken at thrf*e inches below infra-condylar hooK). ... \ 
Elevation of summit of poronoid process above in- ( -g 

ferior border of mandible ^ 

Depth of mandible at postsymphyseal constriction .... 1.8 
Same at posterior edge of alveolus of first true molar. . 2.8 

Inferior post-canine diastema 8.8 

Antero-posterior diameter of grinding surface of sec- ( o 

ond true molar \ 

Transverse diameter of same 1.125- 

Antero-post. diam. grind'g surf, tliird true molar 1.5 

Traufiverse diameter of same 1.18 

Major diamc'ter of acetabulum 2.75- 

Minor diameter of acetabulum 2.5 

Breadth of cannon-bone at distal extremity 3.6 

Length of firnt phalanx 4.4 

Hreadth of same at proximal extremity l.(J2 

Breadth of same at distal extremity 1.25 
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Some cumeloid remains obtained by Mr. E. D. Smith and the 
writer, from loess-marked volcanic ash-beds southwest of Meade 
(Centre, Kansas, are also apparently referable to Auchenia hufr- 
fanensis. Most of these, including a second or third lower molar, 
vertebral and femoral epiphyses, etc. , pertain to a young animal, 
but there is a proximal half of a first phalanx which, placed side 
V)v side with the first phalanx of the type of Auchenia huer/au- 
ensis^ tallies with it perfectly in size and proportions. 

A canine with gently curved, conical, and bicarinate crown, 
found with this phalanx, and which, therefore, may belong to the 
same species, or even individual, has the enamel thick and smooth 
on the outer, longitudinally grooved or striated on the inner face. 
The axis of its crown makes nearly a right angle with that of its 
root, indicating a long post-canine diastema. The two strongly 
compressed and elevated carinae are formed largety (their crests 
entirely) of the thick enamel-layer of the outer face, and are in- 
wardly recurved. 

The length of the rectified canine, as preserved, is about two 
inches — to which perhaps a fourth of an inch should be added for 
the tip, which is ])roken off. The length of the root is 1.1 inch. 
The transverse diameter at base of crown is . 4 inch ; the antero- 
posterior diameter at same, about 5.5. The hight of the poste- 
rior carina at base of crown is about . 1 inch, that of the (broken) 
anterior carina being apparently a little greater. 

The capacious shovel-shaped crown of a lower incisor found 
with the preceding, and marked with a semicircular depressed 
area on the distal half of its upper face, maj' or may not belong 
to this or another Auchenia. It is a first or **pincer, 'canine, and 
its maximum or anterior width is .75 inch. The rather thick 
enamel of the front or lower face of this tooth is marked with 
fine undulating striieform grooves as in the incisors of the ox. 

A cameloid metapodium from >'old river gravel' at Denver, 
Colorado, and two first phalanges from the "Denver loess," col- 
lected bv Prof. Geo. Ji. Cannon, indicate animals somewhat larger 
and stouter tlian those indicated by any of the remains above 
noticed, but which, as their teeth are unknown, cannot yet be de- 
termined. 

The metapodium is 14.18 inches in length and, distally. *5.S 
inches in breadth, the articular extremities, as well as the shaft, 
being stouter, in relation to the metapodium of Auchcuin hmr- 
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fanrnsiif, than tlu» relative breadtlis of the two siwcimoiw woiihl 
indicativ One of the first phahm^es lias a length of 4.6 inches. 
M Invadth proximally of 1.75 inch, and distally of 1.5 inch. The 
other, represented })y the proximal half only, has a maximum 
breadth of fnlly2. KJ inches. These phalanges are not stout 
thronghont, lait expand .somewhat suddenly from a eomparatively 
narrow oylindrieal shaft to the upper extremity. 

The volcanic* ash-beds which have yielded the type of Auchcnin 
hiicrfantnsU an* regarded by Mr. Hills as Pliocene. Teeth of 
EtiiniH, too much worn to admit of identification, occur in the 
same deposits, which in all i)robability re|)re8ent tlie *'Kc]UUs 
beds." But whether all of the so-called ^^Kquus l)e(i8** belong iu 
reality to on(» ei)och. is a matter still t(» \\q determined. 

In his monumental work on iiake B<mneville,*Prof. GiUiert has 
produced i»vid(»nce which seems to definitely i^tablish the fact 
thaf some of the "Kcpius beds" are Quaternary. On tlic other 
hand. Mr. Hills finds the ash-beds of the upper ITuerfauo drain- 
age overlaid with a conglonuM'ate which he provisionally lielieves 
to be i<U*ntical with conglomerates not far di.stant, and which are 
overlaid by true morainal dei)osits. 

The results of further field-work, which Mr. Hills ho|)es to 
prosecutt* in (juest of the solution of the age of the Huerfano 
volcanic ash-beds, will be awaited with interest bv all students of 
strntigraphic gcoh)gy. 



KDJTI^OJU AI. C( )NrMEXT. 



PR0<»RKSS OF AmKKIC.VN (t I.ACIAL <irK<»L(Nn'. 

One of the most important contributions from American geo- 
logic exploration to stimulate similar research in Europe, is the 
tracing of the series of terminal moraines across the northern 
rnite<l States <luringthe past fifteen years by rhaml>erlin, Smock, 
rpham, Wright. Lewis, Salisbury, Leverett, and others. The 
int(M*est of Kuropeans in this class (»f drift depoBits was greatly 
incrcastMl in 1SS<; and 1SS7 by the discovery and mapping of ter- 
minal moraines in Kngland, Wales and Ireland, by the late Prof. 
11. Carvill licwis, and in (iermanv bv Prof. R. D. Salisbury. 
Another point in which [i(»wis was in advance of most of the 

'• Mono^mph I, V. S. (teoloiriral Survey, 18'.>0, chapters vi andix. 
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British geologists, is the origin of the shell-bearing drift deposits 
at high levels on Moel Tryfaen, and in other parts of northern 
Wales, Cheshire and Lancashire, which Lewis attributed, follow- 
ing Belt and Goodchild. to transportation by an ice-sheet which 
moved from Scotland and northern Ireland southward across the 
bed of the Irish sea. The work of glacial investigation by Lewis 
in England, which was left unfinished by his lamented death, has 
been taken up with earnestness by many workers under the name 
Northwest of England Boulder Committee, of which Prof. Percy 
F. Kendall, of Stockport, Eng. , is secretary. In a paper before 
the Boston Society of Natural History, March 2, Prof. G. F. 
Wright described the work of this committee, and the admirable 
generalization of Prof. Kendall, now fully demonstrated, that 
wherever the shells, mostly fragmentary, are found in the drift at 
great elevations, there are also boulders from rock outcrops north- 
ward of the Irish sea, brought by the ice-sheet which gathftred 
these shells from the sea bed. The '^great submergence" of parts 
of Great Britain, which was supposed to have taken place during 
2in interglacial epoch, is thus shown to be a needless and erroneous 
assumption. 



REVIEW OF EEOEiS^T GEOLOGICAL 

LITERATURE. 



Tilt CauMe of an Ice- Age, by Sir Robert B.vll, Royal Astronomer of 
Ireland. D. Appleton & Co , 1891, pp. 180. 

The discussion of the cause of an Ice-Age is prefaced in this little 
volume, by a brief statement of the records left by the ice, and by a 
statement of the nature of glacial and ^^geniaP' periods As indicated 
by the title, the vital part of the volume is the discussion of the cause 
of glacial climate. This discussion consists of a brief exposition of the 
astronomical hypothesis, — with amendment. Sir Robert's amendment 
to the astronomical hypothesis, as it has commonly been stated, may best 
be given In his own words, set in contrast to the general statement of the 
effect of varying eccentricity of the earth's orbit given by Ilerschel, and 
quoted by the author (p. 116). " *Supposing the eccentricity of the 
earth's orbit was very much greater than it actually is, the position of 
perihelion remaining the same, it is evident that the characters of the 
seasons in the two hemispheres would be strongly contrasted. In the 
northern we should have a short but very mild winter, with a long but 
very cold summer, t. e., an approach to perpetual spring, while the 
southern hemisphere would be inconvenienced, and might be rendered 
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uninhabitable, by the tierce extremes caused by concentrating half the 
annual supply of heat into a summer of very short duration, and spread- 
ing the other half over a long and dreary winter, sharpened to an intoler- 
able intensity of frost when at its climax, by the much greater remote- 
ness of the sun/ "* 

Sir Robert would modify tlie latter part of the foregoing statement of 
Herschel as follows : **In the northern we should have a short but ven* 
mild winter with a long but very cool summer, /. r., an approach to per- 
petual spring; while the southern hemisphere would be inconvenienced 
and might l)e rendered uninhabitable by the fierce extremes caused by 
concentrating m'xty-three per cent, of the annual supply of heat into a 
summer of very short duration, and spreading the remaining thirty-tewn 
per rent, over a long and dreary winter, sharpened to an intolerable in- 
tensity of frost when at its climax, by the much greater remoteness of 
the sun." (p. 118.) 

The new law which is thus announced is elsewhere stated as follows: 
'*Under all circumstances and on either hemisphere 63 per cent, of the 
total Jieat of thf^ year is received during summer, so that only the re- 
maining 37 per cent, is left for winter, (p. 119.) * * * They (these 
figures) would remain the same however the dimensions of the orbit be 
Altered, however its eccentricity be altered, or in whatever direction the 
))lanc of the earth's e(|uator may inte rsect the plane of the earth's revo 
lution around the sun." (p. 121.) 

The eifect of this modification of tlie law governing the distribution 
of heat during summer and winter during varying eccentricities of the 
eartli*s orl>it, caimot fail to greatly modify the conclusions as to the 
climatic effects which varying eccentricity is competent to produce. 
And tlie author does not fail to make the most of the situation. 

It is calculated that during the time of high eccentricity when the 
summer lasted for 160 days and the winter for 190 (winter in aphelion), 
the ratio Ix.'tween tlie amounts of heat received daily in winter and in 
summer, is expressed by the figures .68 and 1.38. This difference, it is 
argued, could not fail to produce a glacial epoch. So sure is the author 
of his conclusion that lie says, "perhaps it would hardly be an exaggera- 
ti<m to assert, that even if geologists had not hitherto discovered the 
Ice Age from its records on the globe's surface, astronomers would have 
demonstrated by calculation that Ice Ages must have happened, and would 
even now be urging the geologists to go and look for their traces.** (p. 48)l 

Sir Uobert dissents from some of the conclusions of CroU concerning 
the change in jiosition which the gulf stream would suffer, 'His a conse- 
(|U('n<-e of the transference of the glaciation from one hemisphere to the 
opj)(»sito." The doctrine of the recurrence of ice epochs, alternating 
with cHch other in opposite hemispheres, is a necessary result of the 
po'iitioii taken by the author. Tlie geological evidences of the truth or 
falsity of the liyi)othesis advocated, are not discussed. 

(holofiiral Surrtf/ of Kruturhy : Report on the occnrrence of peiroUum^ 

♦Herschel. 
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n^itural gas and aspJuilt rock in western Kentucky ^ Edward Orton, pp. 283, 

Frankfort. 

Geological sections and maps. Report submitted April 2, 1891. 

This report contains a review of the prominent theories of the origin 
of petroleum and natural gas, its geological relations, and the phe- 
nomena of the different oil fields, methods of utilization, its physical and 
chemical properties. It is based on the observations made by professor 
Orton in Kentucky, in the seasons of 1888 and 1889. The geological 
structure of western Kentucky is discussed, and Illustrated by a section 
from Owensboro to Frankfort. This is followed by a brief historj' of the 
<levelopment of petroleum and its products in the state, included in the 
district reported on, each county or district being treated separately. It 
is a valuable report for the state, and will have numerous readers. 

On the Lower Deronian Fiah-Faunn of Campbellton, New Jirunswiekj by 
A. S. Woodward F. G. S., (Geol. Ma?., iii, 9, Jan. 1892, pp. 16) 

The author describes a number of fishes which were collected during 
1891. There are described one new genus, Protodus, which is named 
from detached teeth only, and is an elasmobranch, and three new species, 
Protoflu»jexi^ Diphdus probleniatieus, and Acanthodes semistrtaUis. • 

On the Characters of Some Paheozoic Fislun^ by E. D. Cope. (Proc. U. S. 
Nat. Museum, Vol. xiv, pp. 447-468, No. 866.) 

This valuable paper is divided into seven sections, each complete in 
itself. In Part 1, Prof. Cope announces and describes a new elasmo- 
branch genus from the Permian of Nebraska. The genus is named from 
a single tooth, which resembles in some respects Oxyrhina and Dendro- 
dus. lie thinks it belongs to a cladodont shark and has named it Styi^- 
tobasU knightianay after Mr. W. C. Knight, who found the tooth and de- 
termined the formation. StyptohaMS knightiana**vfas a large shark of car- 
nivorous habits and its presence indicates the existence of a marine fauna 
whose remains have not yet been discovered." 

Part II. On New lehthyodorulites, in which are described Hybodua reg- 
fdaris from the Triassic of Baylor Co.,Texas, and Ctenacanthus amblyxiphias 
from the Permian of Texas. 

Part III. On the Cranial Structure of Macropetalichthys. In this article 
Miicropetalichthys rapheidolabis Owen is compared with Coccosteus, Di. 
nichthys, etc. It is allied to Diiiichthys and referred to the Placoder- 
inata (Arthrodira). "The general resemblance of Macropetalichthys to 
the Arthrodira renders it almost certain that it possesses a lower jaw 
and that it is a member of that order." In his synopsis of the families 
of vertebrata (Am. Nat. 23, p. 856), Prof. Cope included this order (Placo- 
dermi) in the. Crossopterygia on the supposition that they possessed a 
maxillary arch and suspensorium. In a foot note to page 856 of his 
synopsis he adds: "The position of this order is not yet certain." In 
tills present paper he announces that A. S. Woodward in his catalogue, 
has placed Placodermata in the Dipnoi, thus indicating the absence of 
maxillary arch and suspensorium. The structure of the skull of Ma- 
cropetalichthys tends to confirm this. Newberry and others have allied 
Macropetalichthys to the sturgeons; the author concludes that the Arth- 
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rodira cannot bo placed near the sturgeonH on account of the structure of 
the pectoral tins, and the cranial structure wliich has no resemblance to 
that of those fislies. 

Part IV. In this part is described the first l^nown specimen of tlie 
pectoral spine, almost complete, of Uoloneinn rugosa Clay pole, from Mans* 
tield, Tioga Co., Pennsylvania. The spine is without complete segmen- 
tation, differing in this respect from Bothriolepis and Pteriehthys. The 
s]une is continuous to the apex, thereby constituting a generic distinc- 
tion between Ilolonema and Bothriolepis. Length 54 mm, base width 11 
mm, uiiddle 7 mm. 

Part Y. On thr Paired Fins of MegnHclith ys nitiduM Cope. In this paper, 
the author, after announcing the provisional withdrawal of his genus 
Ectosteorhachis (Megalichthys). (Proc. Am. Phil. Soc., 1880, p 56) giye» 
a study of the paired limbs and concludes that it is probably intermediate 
between Ceratoilus and Pteriehthys and possibly Arthro<lira. The limb 
structure does not resemble either Polypterus or Ceratoilus. 

Part VI. On the Non-Actinopterygian Teho»lomi. This is practinlly 
the same papf r which appeared in the Am. Xat., 25 May, 1891, pp. 471>- 
481. 

In Part VII the author describes two new species of Platysomidie, P. 
pabwiris from tiie Permian of S. Indian Territory and P. lacofianxu from 
the Coal Pleasures of Ma/.on Creels, 111. 

Strntigrnphy of the liituniinovs Coal Field of Penn$ylratwiy Ohio^ ohd 
Weitt Virginia. By Iskael C. White. i)p. 212; with a folded map, 10 
other plates, and 152 figures of sections in thd text. (Bulletin No. 65, 
V. S. Geological Survey, 1891. Price, 20 cents.) 

The classification adopted in this report partly preserves the subdiris- 
ions and nomenclature of the Brothers W. B. and H. D. Rogers, adding 
thereto such new features as now seem necessary from the present 
wider and more detailed knowledge of the coal-bearing strata. The en- 
tire Carboniferous system of the Appalachian region comprises three 
grand divisions, founded on the conditions of their deposition. The 
lower division is exclusively marine: the middle division consists of 
shore (le])0sit8. interrupted by incursions of the sea, and includes the 
lower Coal Measures: and the upper division embraces only fresh and 
brackish water de])osits, including the upper Coal Measures and the 
Perino- Carboniferous series of Dunkard creek. Professor White here 
describes the outcrops an<l stratiirraphy of the five series into which the 
Upper and Middle Carboniferous are subdivided. Many interesting 
questions in connecrtion with this work are reserved for discussion when 
the remainiiiL^ southern half of the Appalachian coal field shall have 
been more fullv studied. 

0// a gi'itft/t of colninir rorh'ufroia the. Tnran Mouniaim^ Hew MejritOj and 
01, the orrtfrn tin of primary f/uart!: in errtain biHtaJtH. B? JosKPn P. In- 
i)iN<;s. pp. :M I Bulletin No. (iG, V S. Geol. Survey, 1890. Price 5 cents) 
The volcani(r series of the Tewan mountains shows a gradual transition 
from rhyolites through aiidesiti(r rocks to basalts, ranging thus from one 
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•extreme to another in mineral composition. "The whole series," accord- 
ing to Mr. Iddings, in his summary of this investigation, *4s character- 
ized by a variable amount of porphyritical quartz in rounded grains, 
which is very noticeable in some of the basalts. These quartzes are 
primary secretions or crystallizations from the molten magma, and ex- 
hibit no definite relation to its chemical composition, being present in or 
absent from rocks of similar chemical composition. Their production 
is to be referred to certain physical conditions attending some earlier 
period of the magma's existence. From analog}' with the occurrence of 
iron olivine in rhyolitic obsidian, it seems probable that the formation 
of primary quartz in basalt took place through the influence of water- 
vapor wliile the magma was under considerable pressure " 

On o late volcanic eruption in Nortfiern CaHfornia, and ita peculiar lava* 
By J. 8. DiLLEK. pp. 33: with seventeen plates, and four figures in the 
text. (Bulletin No, 79, U. 8. Geol. Survey, 1891. Price, 10 cents.) 
Basalt enclosing abundant quartz grains, closely like that described by 
Mr. Iddings in the Tewan mountains, is found by Mr Diller to have 
been very recently erupted at the Cinder Cone, ten miles northeast of 
Lasseu peak in northern California. An explosive eruption, ejecting 
bombs, lapilli, and volcanic sand, formed this cone about two hundred 
years ago, as shown by trees whose dead trunks still project through the 
lava that flowed out from the base of the cone before the explosive ac- 
tion ceased. Afterward a period of inactivity probably lasted a century 
or more, as shown by like deposits which overlie the volcanic sand and 
are covered by a second lava flow. The eruption of this latest lava oc- 
<urred probably somewhat more than fifty years ago and was not accom- 
j)anied by any explosive ejection of fragmental material, the cone being 
undisturbed except at the point on its side whence the molten lava is- 
sued. 

The Cinder Cone rises very steeply to a hight of 040 feet and has an 
average diameter of 2,000 feet at its base and 750 feet across its top, be- 
neath which the pit of its crater sinks 240 feet. The later lava, occupy- 
ing an area three miles long and having an average thickness of nearly 
a hundred feet, was extremely viscous at the time of its eruption, and 
its cooling crust was repeatedly broken up by the moving mass beneath. 
Its surface therefore is composed of sharp, angular blocks, loosely piled 
toijether, which were shoved along as a huge stone pile. 

The explosively ejected fragmental lava of the earlier eruption and 
both the earlier and later lava flows contain (|uartz grains, which 
fre(|uently are so large and abundant as to give a porphyritic structure, 
though more generally they are small and inconspicuous. Their aver- 
age diameter is about one-thirtieth of an inch, but very rarely they are 
found over an inch in diameter. All of tliem have been greatly modi- 
fled, apparently by the corrosive action of the magma, and each grain is 
encircled by a shell of granular, acicular augite, which is separated 
from the quartz by a film of glass. The author concludes that the 
quartz became crystallized in the magma before its eruption. 
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This valuable paper is illustrated by numerous views of the scenery of 
C'inder (^one and its adjacent tracts of lava. 

Thi relatione vj'the Trapi< of the NeuDai*k system in the JS'etc Jersey rfgivh. 
By Nelson Hokatio Dahton. pp 82; with a folded map, 5 other 
plates, and 49 figures in tlie text. (Bulletin No. 07, U. S. Geol. Survey. 
1800. Price, 10 cents.) The traps of the Triassic area in New Jersey 
are found to belong to two classes. The most imjtortant class comprises 
extrusive sheets or overflows, three of which constitute the Watchunir or 
Orange mountains, curved in their outcrops on account of llexure of tbe 
enclosing strata. In the second class, comprising intrusive 8lie«tsand 
dikes, the Palisades, forming the west shore of the Hudson, are the 
most conspicuous example. Mr. Dart«>n concludes that the eruptions 
producing the Watcliung trap sheets were doubtless similar to those of 
some of the great lava-flows west of the Rocky mountains, whioli during 
the later Tertiary and Pleistocene periods appear to have welled forth 
from long fissures, without the formation of craters or the ejection of 
fragmental materials. 

/'Jartfujna/.rs in Ctifi/ornui itf J88!K By J K. Keki.kk. pp.2o. (Bulle- 
tin No. OS, U. S. (ieol. Survey, 1890. Price, 5 cents.) This paper is a 
continuation of the notes of earthquakes in California to the end of the 
year 18yJS, previously publi-^hed by Prof. E. S. Holden. It describes all 
the shocks felt at the Lick Observatorj' (m Mt. Hamilton, with others oc- 
curing «dsewhere, so far as known, in the state. Forty-one days durinjr 
the vear IH-^H had shocks which are here reconled. 

^'i rf^ntanl 41 nd ini.'i"ttttnl fiihUographi/ of KoMifil Z"/iwWj<, pp. 101 — Iiuhjr 
In 1h hnoirii FiiiHifl liistftn of tht: WorhK including MyriapoiU and Arath- 
hidx. PI). 744. By Samiei. 1Ii:iihari> Sci-ddkh. (Bulletins 69 and 71, U. 
S. (leol. Survey. Prices, 10 and 50 cents.) The writings of more than 
live hundred authors are cited in the first of these papers, with concise 
descrii^tive notes. In the second, the bibliography of each known fossil 
S])ecies is cited in <'lironolOi.lc order. The Paheozoic, Mesozoic, and 
Cenozoic eras are taken up successively, and in each of these time divi- 
sions the principal classes are separately presented: but under each 
class th«* generic names, and under them the specific names, are ar- 
raiii:e<l alphabeti<*ally. 

Oath' linn' Jtiff r F»tri/nit/«'n, <t SrritH of Strata hitherto kmfwn ae tkt 
Ihm- IHvr Lantniii. By Chaulks A. WiiiTK,— and Tfw Sfraiiffrapkic 
Ptmitioii of thi /yn/r Jiictr Fnrmofion. Bv T. W. Stastox. lAm,J(nir. 
Sri., Vol. xiJir. F.'b., 1X112, j)p. in-115.) 

These two interesting ]>apers add another link to the chain of our 
knowledire of the agf of the non-marine formations which were form- 
<'rly groui>ed under tin* one nanu* "Laramie.'' 

Dr. White, in his pji])<'r ot seven pages, gives a short historical sketch 
of the work that has been done on the Bear River formation, from its 
discovery in southwestern Wyoming, by II. Kngelman in 1869, who, with 
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F. B. Meek, referred it ou fossil evidence, to the Eocene Tertiary. From 
the above date to 1876, these beds were continuously designated by 
Messrs. Meek, Hayden and other western geologists as Tertiary, and 
then, on Mr. Clarence King's general map of the 40th parallel, they were 
included in the Laramie, where they have ' remained without question, 
except for a few lines in Dr. White's Review of the Cretaceous of North 
Ameiica, in which he comments on the peculiarity of the fauna, and 
states that pending investigations may show that the beds may occupy 
an altogether lower position than had heretofore been generally sup- 
posed. The result of these investigations is said to be *^that the strata 
which have hitherto been known as Bear River Laramie, are not only not 
referable to the Laramie formation, but that they occupy a lower posi- 
tion, being overlain by marine Cretaceous strata, the equivalents of which 
are known to underlie the true Laramie." 

In this connection it may be stated that the Canadian geologists have 
for some years been recognizing a series of fresh — or brackish —water 
sandstone terranes of a character precisely similar to the Laramie inter- 
bedded between typical marine Cretaceous shales of Montana or Colo- 
rado age. Of them the Belly River series has been traced northward from 
the international boundary line to the vicinity of the North Saskatche- 
wan river; and the Dunvegan series has been found for a considerable 
distance on Peace river underlying marine shales holding characteristic 
Pierre (Montana) fossils. This latter sandstone series is also stated by 
Mr. J. F. Whiteaves in the report of the Canadian Geological Survey for 
1879 80, pp. 115 B, and 119 B to contain a Cyrena (Corbicula?) "with out- 
line very like that of C. durkeei of Meek" and Corbula pyriformis? 
from the Bear River series of Wyoming. Assuming these identifica- 
tions to be correct we have in the far north an undisturbed sandy non- 
marine terrane intercalated in the marine Cretaceous shales, holding 
two of the same species of fossils as the Bear River formation, and 
occupying a position approximately the same or but a little above that 
assigned to it by Dr. White and Mr*Stanton. 

Mr. T. W. Stanton, in his paper of eighteen pages, gives the strati- 
graphical evidence of the position of the formation as obtained from 
four typical sections in southwestern Wyoming, in all of which the 
beds are highly inclined, folded or faulted, and in places overlain by 
nearly horizontal Wahsatch Tertiary. Mr. F. B. Meek's original section 
<m Sulphur creek is first given, and there it is shown not to be continu- 
ous from the Colorado subdivisions of the Cretaceous to the Bear River 
formation, as was originally supposed, but to include at least two sections 
of the latter terrane, between which lie beds as low down as the Juras- 
sic, from all of which characteristic fossils were obtained. 

Finally in a table of formations the Bear River is designated as aseries 
of *'very fossiliferous argillaceous and calcareous shale, alternating 
with thin beds of sand-tone," and is placed between the "shales and 
coal-bearing sandstones" of the Colorado, and the "conglomerates and 
coarse sandstones" of the Dakota? 
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Notes to accomjHiny a Tahuhtion of tJie Igneous Hooka based on the Sgt- 
f*:tn of Prof JT. Rosenhnsch, By Fuakk D. Adams. {Can. Rec. SH., Vol 
IV, No. 11, Dec, 1891, pp. 468-460, with table.) 

In the present transition sta^^e of petrographical classification, it is 
a diftlcult matter to lay befofe the student a scheme for the determioi* 
tion and classltication of rocks in which their relations to eacli other is 
brought out by tlieir mineral and chemical composition are shown clearlr 
and concisely. Such schemes or tabulations are usually too much bur- 
dened with unimportant details and doubtful sub-divisions which only 
serve to confuse and bewilder those using them. In the table accom- 
panying these notes, Mr. Adams has succeeded admirably in presenting 
a classification of tlie igneous rocks based on that of Prof. H. Kmen- 
busch of Heidelberg, which is ver}' simple, and may be readily compre- 
hended by beginners in petrograpliical work, whilst at the same timf 
nearly all rock names of real importance are included in it. 

The author ))oints out that although there has recently l>een a stroog 
t4*ndency among petrographers to consider rocks from a chemical stand- 
]>oint, yet a purely chemical classification presents many grave difficul- 
ties, and therefore that mineralogical composition, and structure moflC 
still play an important part in any scheme which is to lie genenlly 
adopted. 

In his table ttie igneous rocks are tirst classified in three horizontal 
<*olumns, headed "Abyssal (Plutonic) Rocks,'' *'Dyke Rocks,'* and ••Effa- 
sive (Volcanic) Rocks," the characteristic structures of each of these 
groups l)eing given. 

Tlie table is also divided into eight vertical columns according to the 
mineralogical and chemical composition of the rocks, headed, '^Alkali 
Foldspar Rocks," "Alkali Feldspar Nephellne (or Leucite) Rocks,'* 
'*Leu(ite Rocks," "Xepheline Rocks," "Melilite Rocks,*" *'Ume-Soda 
Feldspar-Nepheline (or Leucite) Rocks," "Lime-Soda Feldspar Rocki,'* 
and "Rocks containing no Feldspathic constituent." 

The rocks are then subdivided according to their bisilicates and micas, 
fiirtlK'r subdivisions ))eing made in the more acid ones by the presence or 
absence of ([uartz, and in the basic ones, tlie presence or absence of olivine. 
Rriefiy summarized the more important points to be noted in connec- 
tion with the table are : 

1. In a general way the classification is a chemical one. the rocks 
decreasing in acidity from left to right of the table. The prin- 
cipal exception is the Nepheline, Leucite and Melilite rocks. 
H. Several of tlie rock groups are given positions which dilfer 
from those which they occupy in Prof. Rosenbu8ch*s book,tke 
object being to more clearly bring out their chemical relatioa- 
ships. As examples may be mentioned the Kepheline, Leucite 
and Melilite rocks, placed Immediately after the Orthodm 
Xepheline (or Leucite) rocks; the Diabases, here classed witk 
the volcanic rocks; the F'ingualtes, Alnoites, and some of tke 
Acniite Trachytes which will be found among the Dyke rocks. 
The Pyroxene rocks are separated from the Olivine rocks, and 
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erected into a new group — the Pyroxenites, a name given by the 
late Dr. Sterry Hunt to certain non-feldspathic rocks differing 
in origin but having a pyroxene as the principal constituent, 
•i. Several gaps in former tables have been filled in with recent 
discoveries, such as Malchite, a dioritic rock correspondinii: to 
Aplite; lolite, corresponding to Nepheline Basalt, but contain- 
ing gimet; Fourchite and Monchiquite Lamprophyric dyke 
rocks of the Theralite series. 
Little stress is laid on the division of the Volcanic rocks into older 
and newer, but it is still retained. In the subordinate classification 
many names, based merely on structural differences in the rocks, have 
been omitted, e, ^., Nevadite, granophyric, etc. The typographical 
features of the table are excellent, the relative importance of the various 
divisions being clearly brought out by the use of several kinds of type. 
Important rocks are indicated by heavy-faced type, and when a rock is 
a mere variety of the preceding one, the type is shifted to call attention 
to the fact. 

The author draws attention to the fact that although Hosenbusch's 
group of the Dyke Rocks has called forth much adverse criticism, yet 
this group has certain claims for recognition, and it is therefore retained, 
the three series of "granitic," "granitic-Porphyrltic," and "Lampro- 
phyritic^^ Dyke rocks, into which it is divided, being separated in the 
table by spacing, not by lines. 

In conclusion, the author acknowledges valuable help and suggestions 
received from Profs. Rosenbusch, Geo. H. Williams, and the late Dr. J. 
Francis Williams. 

Repart on the Sudbury Mining District, Canada. By Dr. Robert Bell, 
Assistant Director, Geological Survey. This report is the result of three 
years work by Dr. Bell, assisted by Mr. A. E. Barlow and others. It is 
accompanied by a fine map, geologically colored, covering an area of 
72 by 48 miles, equal in extent to about four counties. In doing this 
geological work Dr. Bell and his assistants had not the advantage of a 
settled or surveyed region, but were obliged to do a large proportion of 
the topographical work as well, and to contend against the disadvantages 
of a difficult forest country. The map was compiled under the super- 
vision of Mr. Scott Barlow, chief topographer, and is very finely exe- 
cuted. 

The narrowest part of the great Huronian belt comes within this 
8heet, and is flanked on the southeast by true Laurentian gneiss, but on 
the northwest side this belt is bounded by a mixture of similar gneiss 
with great areas of granites and syenites. The Huronian rocks which 
are fully described, consist largely of graywackes, with and without 
included fragments and pebbles, and are generally heavily bedded, but 
frequently coarsely slaty. These merge into quartzites, which are also 
largely developed and associated with elongated masses of greenstones 
and thick belts of clay-slate. The series is shown to be largely of vol- 
canic or pyroclastic origin. 

In addition to the undoubted Huronian, there is within this district a 
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l)H8iu of roiks whioli may be of Cambrian age. They cooBist of d&rk 
argillaceous sandstones with some Hhaly beds, underlaid by eevenl 
thousand feet of a remarkable volcanic glass breccia, replaced in some 
parts of its (rourse by black slates. The breccia contains light-colored 
anj^ular fragments which, under the microscope are seen tocoDsiti^of 
silicitled pumice, showing, in th<^ most beautiful manner, rows of smtll 
vt'sicles as perfect as tlkose in recent volcanic glass. This great band of 
breccia affords conclusive proof of volcanic action on a grand scale in 
tliese earlv i^ooloiricul times. At the base of the series iin a band of 
<liiartzite-conglomcrate with white quartz pebbles. 

The celebrated nii.'kel and copper tleposits of the Sudbur}* district 
come within this area and are described by Dr. Bell. lie gives there- 
suits of his investigations on the relations and mode of occurrence of 
these ores. They wouhl appear to be always associated with the green- 
stones, aiwl to bo most abundant at the contact of these roclcs with some 
other, especially where the contact is intersected by a line of dislocation 
<»r by one of the gal)br() dykes, which are numerous in the district. The 
rx'currence of gohl, silver, lead and other metals is described, and asiays 
for nickel and gohl are given by the chemists of the sun'ey. 

There are four appentlices: F contains a careful description of the 
microscopic and other characters of about fifty kinds of rocks from the 
district by Prof. (Jeo. II. Williams, of Johns ITopkins Univenity. 
I r gives th(> levels along the (^anadian Pacific Railway and of the prin- 
cipal lakes. Ill is a list by the best authorities of 7:) species of Lepid- 
opttra, collected by Dr. Hell north of lake Huron, and IV explains the 
meanings of the Indian geographical names in thesurroiindingcoiintrT. 
'I'he report is illustrated by some fine photo-engravings. 
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If. Pmnnlinf/s of Srfi/itijic Sociftit^s. 

Trans. N. V. Acad. Sci. Nov.- Dec, contains: On the Geological A;^ 
jind Relations of the Potomac (Jroup of Virginia and Maryland, J. S. 
Xewberry: On the Microbe of Phosphorescent Wood, A. A. Julien; 
Note on IIy<lrazoi<' .\.ci<l, a new mineral acid, H. C. Rolton. Jtm.-Frh. 
.V'/. contains: Monticellite, anew mineral, J. F. Williams; Recent Work 
in North Ainerh'an Mammaloi^v, J. A. Allen. Murfh No, c-ontains:- 
Man of the Stone .\ge, F. Starr. 

Trans. Canadian lust., Oct., IHSJl, ciiutalns: Notes on Niclcel, by George 
Mickle; HoneCaves, by Arthur Harvey: Gold and Silver in Galena and 
Iron Pyrites, by H. Dewar. 

.lour. Klisha Mitchell Sclent. Soc. for 1801, Part I., contains: The Alex- 
ander Co. Meteoric In»n, S. C. II. Hailev. 

Proc. Calif. Acad. S<i. Vol. Ill, Part 1. contains: Noteson the Geologr 
anil l*etr(\irraphy of P,aja California, ^lexico, Waldemar Lindgren; 
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Eruptive Hocks from Montana, Waldemar Lindgren; Notes on the Sub- 
alpine Molluscaof the Sierra Nevada near Lat. 38', W. J. liaymond. 

Minnesota Academy of Natural Sciences. Bulletin No. 2, Vol. Ill, 
contains: The field of geology and its promise for the future, W.J. 
McGhc; a check-list of the paloeozoic fossils of Wisconsin, Minnesota, 
Iowa, Dakota, and Nebraska, Bruno Bierbauer; The deep well at Minne- 
opa, Minn., C. W. Ilall; Notes of a geological excursion into central 
Wisconsin, C. W. Hall; The Stillwater deep well, A. D. bleeds; The iron- 
bearing rocks of Minnesota, II. V. Winchell: Gryptozoon mtnnesoteriMe in 
the Shakopee limestone at Northfleld, Minn.,L. W. Chancy, Jr.; A recent 
visit to lake Itasca, Warren Upham. 

///. Papers i'n Scientific JonmnU, 

Am. Jour. Sci. Oct, No, contains: Structural Geology of Steep Rock 
lake, Ontario, H. L. Smyth; Geological Horizons as determined by Ver- 
tebrate Fossils, O. C. Marsh. 

Noc. No. contains: lieport of the Examination by means of the Micro- 
scope of Specimens of Infusorial Earths of the Pacific Coast of the 
V . S., A. M. Edwards; The Tonganoxie Meteorite, E. H. S. Bailey; New 
Analyses of Uraninite, W. F. Hillebrand; The Tertiary Silicified Woods 
of Eastern Arkansas, R. Ellsworth Call; Occurrence of Sulphur, Or- 
piment, and Realgar in the Yellowstone National Park, W. H. Weed and 
L. V. Pirsson; Mineralogical Notes, L. V. Pirssou: Perldotite Dikes in 
the Portage Sandstones near Ithaca, N. Y., J, F. Kemp; New Locality 
for Meteoric Iron with a Preliminary Notice of the Discovery of Dia- 
monds in the Iron, A. E. Foote; The South Trap Range of the Kewee- 
uawan Series, M. E. Wadsworth; Geological Facts noted on Grand River, 
Labrador, A. Cary. 

Dtr. No. contains: PercivaPs map of the Jura-Trias trap-belts of central 
Connecticut, with observations on the upturning, or mountain-making 
disturbance, of the Formation, J. D. Dana; Notes on a Missouri Barite, 
C. Luedeking and H. A. Wheeler; The Contraction of Molten Rock, C. 
Barus: Notes on Michigan Minerals, A. C. Lane, H. F. Ivellar, and F. F. 
Sharpless. 

Jan. No. contains: Theory of j\n Interglacial Submergence in England, 
<T. Frederick Wright; Permian of Texas, Ralph S. Tarr; Chemical Com- 
position of lolite, O. C. Farrington; Relation of Melting Point to Pres- 
sure in case of Igneous liock Fusion, C. Barus; Discovery of Clymenia 
in the Fauna of the Intumes censzone (Naples beds) of western New 
York, and its Geological Significance, John M. Clarke; New Meteoric 
Iron from Garrett Co., Md , A. E. Foote; Farmington, Washington Co., 
Kansas Aerolite, G. F. Kunz and E. Weinscheiik; Skull of Torosaurus, 
(). C. Marsh. 

(reol. Mag. Not. ATo. contains: On Plcnroiuintilu» notlomocariiuttns^ X, 
II. Foord; Contributions to Precambrian Geology, J. F. Blake; On Nor- 
mal Faulting, T. Mellard Reade; Work done by Lobworms, C. Davison; 
On Ammonites jurensiSy E. T. Newton; On Athyris livviuscula, Norman 
Glass. 
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Ihr. No. contains: On OUndlun caUtivei and its Geological Relation- 
stiips, C. Lapworth : Petrological Notes, W. M. Hutchings; Phalidaphr 
oi'us gen/uinicuM in the Vpper Lias, Whitby, A. S. Woodward; Pfteudo- 
trionyx from the Bracklesham Beds, A. S. Woodward: Notes on Stereo^rni- 
meliUnMn^ J. II. Cooke. 

Anieric*an Naturalist, Sept, Xo. contains: A Keply to Prof. Manb's 
"Note on Mesozoic Mammalia,'* H. F. Osbom. 

Oi^t, No, contains : A Sketch of the Geology of South America, G. 
Steinmanu; Notes on the Hearts of Certain Mammals, Ida H. Hyde. 

Nop. No. contains: The i^ermian, Trlassic, and Jurassic Formations in 
the East Indian Arcliipelago (Timor and Rotti), August Rothpletx; The 
Hat Creek Bad JTjands, J. S. Kingsley. 

Canadian Record of Science, Juli/, 1891, contains: On a new Horiion 
in the St. John Group, by G. F. Matthew: On some Granitea from British 
Columbia and the Adjacent Parts of Alaska and the Yukon District, by 
F. D. Adams. 

Ottawa Naturalist, Noc, 18U1, contains: Canadian Gems and Predons 
Stones, by C. W. Willmott. 

IV. ExcvrpU and Indipidual Publications. 

On some of the Melaphyres and Felsites of Caradoc, by Frank Kutlej. 
From Quart. Jour. (4eol. See. Nov., 1891, Vol. xlvii. 

On a Spherulitic and Perlitic Obsidian from Pilas, Mexico, by Frank 
liutley. From Quart. Jour. Geol. Soc. Nov., 1891, Vol. XLVri. 

A New Locality for Moteoric Iron with a Preliminary Notice of Dis- 
covery of Diamonds in the Iron, by A. E. Foote. From Proc. A. A.A.S. 
Vol. XL. 

The Trias of the Vale of Cleoyd. Notes on a section of the Trias and 
Boulder Clay in Cha])el Street, Liverpool. A Further Note on the De- 
composed Boulder and Tnderlying Bed Sandstone in the Chapel Street 
Section, Liverpool. By T. Mellard Heade. 

The Cause of the (rlacial Period and an Explanation of Geological 
Climates, by Marsden Manson. From Trans. Technical Societ}' of the 
Pacific Coast, Vol. viii. 

]^ Foiriyn Publimtions. 

Fold. K(">z. (Budapest) Vol. xvf, Nos. and 7, June and July, 1891, 
(Sup]>lement) contains: Die Bewegungen auf den Schemnltzer Erzgfln- 
gen in geologischer Be/ieliung, Szabo; Mineralogische Mittheilungen, 
Zimjinyl; I'ber die gwei geologischen Karnten Rumftniens. 

Annual Report of the Department of Mines, New South Wales, for the 
year I8t)0. Sydney, 1801. 

Jahresb. dos Vereins fHr Krdkimdezu Metz fUr 1890-91. 

Trans. Leeds Geological Association. Part vi. 1890-91. 

(lestrelfte Magnetitkryhitalle aus Mineville, Lake Champlaln Gebiet, 
Staat Xew York, von .1. F. ICenip. Sep.-Abd. aus "Zeitsch. fllr Krystal-' 
lographle, etc.," \ix. 

rber das transkaspisrhe Naphtaterrain. I'ebersicht der Geologie 
Daghestans and des Terek -(^eljletes. Ueber das diluviale, arabokaspische 
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Meer unci die nordeuropaische Vereiaung. Beitrage zur Geologie des 
Berges Savelan im nordlichen Perslen. Ueber die Thatigkeit der 
SchlammvulkaDe in der Kaspischen Region wahrend der jahre 1885-87. 
Beitrage zur Kenntniss der Erzlagerstfllten von Moravica und Dognac- 
ska im Banat, von Hj. Sjogren. Sep.-AbdUcken. Jahrb. k. k. geoU 
Reichsanstalt 1886-87. 

Den arktiska tloran forna utbredning i landerna oster och soder om 
Ostersjou, af A. G. Nathorst. 

Wissensch. Veniff. Yereins fi\r Erdk. zu Leipzig. I. Band contains: 
Beitrage zur (leographie des festen Waesers. 

Annales de G<'*ographie, publi^es sous la direction de P. Vldal de la 
Blache et Marcel Dubois. 

Anale8 del Instituto Fisico-Geografico Nacional de Costa Uica, 1889, 
par Prof. E. Pittier. 

Annual Ueport of the Department of Mines, New South Wales, for 1890. 

Bulletin de la Soci^t^ G^^ologiqu** de France, t.xix, Oct., 1891, contains: 
Note sur I'Eocene tunisien, par M. Aubert; Note sur le TiBsotia tissoti, 
par M. DouvillC*; Un fllon d'argile plastique, par M. Tardy; Note sur le 
S<?nonien et en particulier sur Tage des couches H Hippurites, par M. A, 
Toucas: Sur la G<5ologie des environs de Moustiers, par M. Collot; Sur 
la situation des couches A TtrebrcUula ^tpA^a dans TOxfordien superieur, 
{1 rOuarsenis (Alg(^rie), par M. E. Ficheur: Notes sur Thistoire et la 
structure g^^'ologique des chaines alpines de la Maurienne du Brian- 
conuais et des r^^gions adjacentes, par M. W. Kilian. 

VI, Scientific Laboratories and MiLseuiiia. 

Johns Hopkins University Circulars, No. 94; The Geological Excur- 
sion by University Students across the Appalachians in May, 1891, by 
Geo. H. Williams. 

Bulletin of the American Museum of Natural History, Dec, '91, con- 
tains: Observations on some Cretaceous Fossils from the Beyrttt District 
of Syria, with Descriptions of some New Species, by R. P. Whitfield. 

Catalogue of the Michigan Mining School for 1890-91. 



SUPPLEMENTARY LIST OF THE WRITINGS OF 

ALEXANDER WINCHELL. 

(Continual from page 18f».) 
1852. YeJlow Kain, proving it to be pollen of coniferous trees. (Ala- 
bama Whiff, April, 1852.) 
1852. Analysis of Artesian water. (Alabama Whig, Dec. 22, 1852.) 
1852. Chemical examination of "Sandy Land" soil. (Alabama Whiff, 
two articles.) 

1859. On the Geological Position of the Brine Springs of Grand Rapids 

[Michigan]. (Grand Rapids papers, Oct , 1859.) This was the first 
correct announcement ever made on this subject. 

1860. On the Salt Springs of Saginaw. A communication to the su- 

perintendent of the Saginaw Salt works (Saginaw Enierprivc^ 
Feb., 1860.) 
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lH(i:.\ Is tho hriiie ut Buy City obtained from the same source as the 

brine at P:ast Saginaw? (Saginaw Courier^ July, 1862.) The 

first unnoiincenicnt tliat tho Bay City wells are supplied from 

the tonirlonierate of tlie (-oal Measnrefl. 
\>^V'\. IIow shall we perfect the Agricultural College? (Detroit Adrtr- 

tmr and Trihnnt^, Fei).. 1808.) Three articles advocating a more 

professional or special organization. 
I'^GJJ. Ini)>ortant railroad conneotions with Ann Arlwir. (Mich. Hiaff 

AV/f/*, July, 18G>J.) This advocated a line from Toledo to Ann 

Arbor, Holly aii<l East Saginaw, fifteen years before it was finally 

completed. 
ISG.!. Draft of an act to provide for the (completion of the Geolopcal 

Survey. Passed the House, Feb. 10,1865. Lost in the Senate. 
18r>(;. Report on the Bruce Oil Lauds at Oil Sprinies, Canada West. 

With maps, and two articles contributed by him to the Chicago 

Rfpuhfican, Jan. 17 and 20, 1860. Pamphlet. 
1S<)6. Petroleum in Middle Tennessee. (Pittsburg ifi'/u'/i^ ^r/i'/ JTaA f - 

/(ti'ttiriiif/ Journiiffl Nov., 1800.) 
lsor>. Christliui Theology illustrated from ^Ature^ {Xorthtc*'$(ern Chrir- 

tion Admcatr^ Oliicago. ) A series of 22 articles, the first ap- 
pearing, .Jan. 2, 1S07. 
ISiiT. Stromatoporid;c. (Proc. Amer. Assoc. 1866, Buffalo meeting.) 

I See noticre of his geological publications in Jnhrhttch^ for 1867. 

pp. DO, 100, 101. 1 
l.Sf)S. The Oeologic-al foundations of our state, (Detroit U'c^-A*/^ *4dft/- 

</V/- and Trihunr, 27 Nov. 1808. Daily do. 30 Nov.) 
ISOH. Impending crises in Xuture. (OoUege Conrtint,J\i\y 12 and 17, 

isojg 

1S70. Brazil in the lieigu of Ice. Witli Illustrations {GolUge Courant^ 
•June 4 and 11, 1870.) Opposes the view of L. Agassiz that the 
valley of the Amazon was covered b)' a continental glacier. 

l^Ii. The mineral fertilizers of Michigan. Keport Dept. of Agricul- 
ture, Washington, lSi)d. 

is7i. tteologicnl history of .Mam moth Cave. (Indianapolis /Ma7^ /<»»fr- 
n/f/, Aug., 1871: Annrioni Natundittt, Nov., 1871.) 

1>^7*J. Ivukistocracy, or Too much Popular Government. Torture de- 
livered at Mattoon, 111. 4 Dec, 1S71. (Mattoon «/<??/ n»(f/, 6 Jan., 
iS72.) 

187:;. Keason for the Faith. Baccalaureate address at Syracuse Uni- 
versity. (Syracuse? JtnirnaU Noi'thcrn Chrinfian Adcoeatr,) 

lsT;j. The German (gymnasium (^'///r<'r>c/7// UeraUU Oct., 31, 187^1.) 

1874. TheGenealogy of Ships. (New York IhiilyTrihune^ 16July,1874. 
New York f'hrixtiun Athocatt ; OoUleii Age; New York Indr 
jft'/i(fnit, etc.) Elicited a number of replies in the Trilniiu, An 
ironical jru tl\ sprit directed against the assumption that sac- 
cession and structural relation in a series of specific forms, ia 
l>roof <»f ireneti*' relation. 
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1^*74. The Battle Fields of Faith. A baccalaureate address delivered 
at Syracuse University, June 21, 1874. (Syracuse Courier and 
Journal^ June 21; Northern Christian Advocate^ 2 July, 1874.) 

187<;. The Beautiful. An address delivered before the Stiite Female 
College, Memphis, Tenn., 14 June, 1876. (Western Jfethodisty S 
July, 1876: Northern Christian Advocate, July, 1876.) 

1876. State and School. (New York Daily Triimne, 12 July, 1876.) A 
critici-m of the address of Charles Fitch before the New York 
State Teachers' Association. 

1876. Huxley in New York. A review of his three lecture?, {Christian 

Union, 11 Oct., 1876.) 

1877. On the Origin of Species. )Syracu8e Journal, 20 March, 1877.) 

Eighth lecture of a series. 

1878. The old age of continents. A University Lecture, (Syracuse 

Journal, SI Jan., 1878.) 
1878. Science gagged in Nashville, (Nashville American, 16 June, 1878.) 
1878. Reply to the Nashville Christian Adeocate (Nashville Amtricnn, 

19 July, 1878.) 
1878. A plea for Modernized Education. Address before the National 

Convention of DKE, delivered in the Academy of Music, New 

York, 24 Oct., 1878. (Nhw York Daily Tribune, 25 Oct.; Syracuse 

Journal, 2'^ Oct.; Educational Weekly, ei(i.) 
1878. Culture and Knowledge. Address before the .Esthetic circle, 

Syracuse, and repeated by request in the hall of Y. M. C. A., 

Syracuse, 14 Nov. 1878. (Syracuse Journal, 17 Nov., (1878, and 

many times reproduced in various parts of the country.) 
1x81. Primitive stages of cosmical evolution {Science, ii. 179, Apr. 16, 

1881). 
1882. The Interpretation of Nature. Address at the dedication of 

Agassiz hall, Martha's Vineyard, 20 July, 1882. {Institute Her- 
ald, July 21, 1882.) 
1S82. Misconceptions about evolution. {Northrrn Christian Adeocate, 

Sept. 14, 1882.) 
1S8:>. Contents of a work on Ueligion and Intelligence. Pamph. 8vo. 

8 pp. Feb., 1883. 
188;>. Communism in the United States. {North Ameriean Beciew, May, 

1883.) 
1884. Editorials for The Tnd^-x, 17 June, 1884. 2,000 words. 
1884. Horror Mongering. {Index, 12 July, 1884.) 874 words. 
1884. Open Letter to Teachers on the teaching of geology. (Circular 

issued by S. C. Griggs & Co.) 775 words. 
1884. The Mania for Facts^ {Index, 13 Sept., 1884). 1 ,050 words. 
1884. Minor editorials. {Index, 13 Sept., 1884.) 1,986 words. 
1884. The ra(re factor in civil institutions. {Index, 29 Sept , 1884.) 1,000 

words. 
1884. Minor editorials, {Index, 27 Sept., 1886.) 242 words. 
1884. Decay of the American conscience. {Index, \\ Oct. 1884.) 1,000 

words. 
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1884. Trades-Union unreasonableness. (/ii//«r, 25 Oct., 1884). 1,1S8 

words. 
1884. Minor editorials. {ImUx, 25 Oct., 1884). 601 words. 
1884. Are tlie churches decaying? {Index^ 8 Nov., 1884.) 1,864 words. 
1884. Minor editorials, (/m^j, 8 Nov.. 1884). 1,274 words. 
1884. Minor editorials, {Index, 22 Nov., 1884). 310 words. 
1884. Non-classical collegiate courses, (Index, 6 Dec, 1884.) 1,200 words. 
1884. Minor editorials. (/n<ff'jr, 6 Dec, 1884.) 1,814 words. 
1884. Notice of Lowrey's Philosophy of Ralph Cudworth. (Index, 6 

Dec, 1884). 281 words. 

1884. The riglits of Religion in School. (Index, 20 Dec., 1884.) 1,147 

words. 
1884. Evolution as a hobgoblin. (Index, 20 Dec, 1884.) 1,800 words. 

1884. Minor editorials. (Index, 20 Dec, 1834.) 1,758 words. 

1885. Have we any Scientific Literaturer (Index, 3 Jan. *85.) 1,8S0 

words. 
1885. Minor editorials. (Index, 8 .Jan., 1885.) 900 words. 

1885. The constitution of University authority. {Index, 17 Jan., 1885.) 
1,417 words. 

1885. Minor editorials. (Index, 17 Jan., 1885.) 1,064 words. 

1885. The decay of the land. (Index, 31 Jan., 1885.) 1,839 words. 

1885. My views on the elective franchise. (Cln'onicle, Ann Arbor, 25^ 
April, 1885.) 885 words. 

1885. Table for determination of minerals. (Young Mineraiogiet and 
AnUqunrian, April, 1885.) 550 words. 

18a5. Continent building. (The Unirereity, 13 June, 1885.) 1,717 words. 

1885. Table for the determination of rocks. (Toung Miueralogiet and 
Antt'f/t/arinn^ May, 1885.) 

1885. Congra'ulatory address to Prof. Asa Gray. Adopted by the Ben- 
ate uf the University of Michigan. Published In the BegMer, 
Ann Arbor, with Dr. Gray's reply, 25 Nov., 1885. 



COEEESPOlsDENCE. 



Akkow P(»ints kkom tue Loe88 at Muscatine, Iow.c — ^The hills on 
which the city of Muscatine stands are covered with a very line deposit 
of luesB, which in some places must be nearly fifty feet thick. It Is easy 
to rtiul the bonier of this loess lake. 

In tiiis deposit iiave been found great quantities of land shells, several 
pieces of bones, the remains of at least two American reindeer, a consid- 
erable part of the antler of the elk or common deer, pieces of wood, etc, 
etc. For several years 1 have thought tliere ought to be found In this 
loess utiinistakable evidence that men were here when the aurface of 
this lake was nearly 150 feet above the present high water of the great 
river at our feet. 

Much of the loess is excellent for making brick. At several points 
hills are for this purpose cut away, leaving banks sometimes more than 
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twenty feet high, of the finest loess. Recently I have been able to gather 
some information concerning relics of man from this deposit. Mr. Chas. 
Freeman, a brick-maker, says he took from the loess, on the north side 
of Eighth street, near St. Mathias church, at a depth of about twelve feet, 
an arrow point. 

In answer to my questions he said it could not have fallen from the 
top, for ho took it out himself and noted especially the print in the loess. 
There seemed to be no possible chance that it could have gotten there 
tlirough a hole or crevice. The loess at this place is very tine-grained, of 
a yellowish ))rown color, exhibiting slight indications of strata. At 
anotlier yard, about two blocks from the above, on Iowa avenue and 
Ninth street, this same gentleman was moulding brick in the old fash- 
ioned way. In thrusting the clay into the mold he felt something sharp, 
and an examination brought to light an arrow-point. 

At first sight it would seem as if this find would have been worth little or 
nothing, but on cleaning the arrow point it was found to be largely covered 
with blue clay, cjuite different from the rest of the loess at this place. 

A bed of this same blue clay was strikingly shown here about ten 
feet below the surface, showing that this arrow-point was well covered 
by this same clay. 

I examined this bank, and unless the arrow-point could have been so 
covered in the process of mixing, it must have been originally buried in 
the blue clay, which is ten feet or more below the present surface. 

In the sul)urb of this city, about one mile from where it enters the 
^lissiasippi, Mad creek has cut away a hill forming a bank forty to fifty 
feet high. At about twelve feet from the top is a bed of gravel and 
sand. In this gravel Mr. Joe Freeman, a young man in the third year 
class in our high school, found a considerable fragment of the tooth of 
an elephant. In this same bed I observed numerous flint chips. The 
upper portion of this hill is loess. At the foot of the bank the creek 
runs over an argillaceous or arenaceous limestone of Devonian age. 

On both sides of the Mississippi in this locality on the most command- 
ing bluffs are numerous mounds of earth, the work of men. These are 
believed to be very ancient. So far I have not observed mounds on the 
loess. May not these arrow or spear points mentioned above, have been 
made and used by the builders of these mounds? F. M. Wftteu. 

The Serpentines of the Coast Uanoes in California. — In a paper 
on " The Pre-Cretaceous Age of the Metamorphic Rocks of the Califor- 
nia Coast Ranges,'* published in the March number of the American 
GEoiiOfusT, Mr. Harold W. Fairbanks states that his view that the ser- 
pentine in the Coast ranges is an altered eruptive, is in opposition to 
the views of others who have studied those rocks, except those given in 
a few brief statements published in the Bulletin of the Geological 
Society of America, in 1891. lie also states that professor Whitney and 
his assistants held that the serpentine is an altered sllico-arglUaceous 
rock, referring to Whitney's "Auriferous Gravels" in support of his 
statement. On turning to page forty-two of the last mentioned work, it 
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will he seen tliat I was considered res])on8i1)le for most of the nomencla- 
tiire of rocks mentioned in that volume, and that the results were not 
then fully published. At tliat time I \^a8 an assistant to profeseor Whit- 
ney, and therefore, with his otlier assistants, am held restponsible by Mr. 
Fairbanks for the view whit'h he has quoted. The results of my work 
were published in 1884, f or tlie peridotities, in my '^Lithological Studies.** 
In this work thrre were descri)>ed more or less altere<l pcridotites or ser- 
pentines from Colusa county, in the Coast range, and from luyo, Sierra, 
and Plumas counties in the Sierra Nevada. All these de8cri1>ed speci- 
mens were considered to be more or less altered forms of peridotite, in 
proof of which eight colored lithographic figures were given. (See my 
*• LitlioloL'ical Studies " pp. 129-132, 142, 158, 189-192, plate 5, ligures 1, 2, 
J3; plate 0, tigurcs 8, 4, 5, 0: plate 7, figure 1.) It was also then stated 
that tiic microscopic and lithological characters of the Coast range peri- 
<lotite and serpentines studied, as well as those from the Sierra Xewla, 
indicated that they are eruptive. I may also say that, so far as the 
specimens described by myself were concerne<l, the results obtained by 
me were accepte»l by professor Whitney in 1882 as satisfactory and con- 
clusive. As 1 liave never studied any serpentine tliat I considered othei^ 
wiHe tlian derived from tiie alteration of peridotite or some allied erup- 
tive nwk, Mr. Fairbanks' confirmatory oiiseri'ations are of very great 
interest to myself. M. E. WAiwwonTn. 

Mit'hf(/in, Mining Schoof, Ilonf/hton, Mich., Mnrch m, 1892. 

KN<:L\riAi. nuiKT OF LoN(; IsLA.ND. lu the December number of the 
Ameuican (>eol(kust, Wiirran Tpham calls the attention of glacialists 
to certain crit«n>a of englacial and subglacial drift. 

In my study of the drift formations of Long Island, I had noticed a 
difference between the bottom and surface jiortions of unmodified tilK 
but was never able to draw a lino between them. Of course, when the 
two wen^ separated h\ a layer of stratified material, the surface part 
could easily be recognized from tlie hardpan, but where this line of 
separation does not take place it is diflicult to determine exactly where 
the one leaves off and tlie other begins, it is true, as Mr. Upham re- 
marks, that the upper drift is yellowish in (rolor, and is looser in texture 
than the hardpan, but the two blend into each other in such a way as to 
render a distin<'t separation impossible, and yet I am inclined to think 
that they are two distinct formations. One was laid down probably 
when the glacier advanced; the other was deposited when the ice sheet 
retreated. Tlie surface drift is variable in depth, and there are sections 
where it is absent altogether or is only represented by a few large 
boulders: as at Kockhill, near East]>ort, Long Island, where a huge 
erratic is seen resting on the stratified gravel, the finer material having 
been washejl away. In general, however, this yellowish sand}' boulder 
drift covers the surfsce of Long Island. It covers the hills as well fti 
the ileproRsions at Brooklyn, ami large uiugf.rheads are everywhere seen. 
where the lots are vacant, protruding out of the drift which is only a few 
feet in thickness. Alonir the line of the terminal moraine it is ven' much 
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the same, although not so determinable in places. It is very light on the 
Shinecock hills, for here the stratified gravel comes very near the surface. 
The bottom drift is also variable, and subject to many modifications. 

The Rookaway Beach railroad, that cuts through the ridge north of 
Woodhaven, exposes an interesting section of drift. The moraine is 
broken up by old subglacial streams, and adjacent to these depressions, 
the material near the edges of the bunk, show signs of stratification, but 
tliese stratified layers never extend clear across the cut except near the 
surface. In the center of the bottom part of the drift is a mass of 
boulders in a sandy matrix, and over this is the hard]>an, which is also 
full of erratics. Then comes the modified drift, and over all the so-called 
englacial drift which probably was laid down after the floods had sub- 
sided. The modification of the drift at this point tends to prove, I think, 
that kettle-holes were in some way connected with subglacial rivers. 

Nortli of tlie terminal moraine the whole bottom part of the drift 
seems to be modified, although a small section was exposed at Ridge- 
wood, where underneath some fifteen or twenty feet of stratified sand 
and gravel was a stratum of unmodified boulder clay of unknown 
depth, and there may be other sections like it that have not been ex- 
posed. Ridgewood, near Brooklyn, is situated near an old water chan- 
nel that comes up through the Newtown creek depression. The under 
boulder drift was probably deposited when the ice-sheet lay over the 
island. The stratified sand and gravel tell the story of the floods dur- 
ing the melting of the glacier, and the upper deposit or englacial drift 
was laid down when the ice-sheet retreated. This upper drift thins out 
towards the depression showing that the floods must have prevailed 
while the deposition was going on. The waters must have receded, how- 
ever, before the ice-sheet had disappeared, for the depression as well as 
the ridges are covered with unmodified boulder drift. 

Professor Agassiz said: "All American drift is bottom drift." And in 
a sense this is true. \ am inclined to think that the so-called subglacial 
drift is as much englacial tLS the surface portion of unmodified till, that 
is, both were held in the ice-sheet until deposited. 

On Long Island as the glacier advanced from the main land the sub- 
gla ial streams advanced with it, modifying the drift and carrying much 
of the detritus beyond the southern limit of the ice-sheet. The south 
side of the island is chiefly composed of this stratified material. These 
ancient streams can be traced by the depressions from the sound to the 
sea, and the upper deposit of unmodified drift that covers in general, 
the stratified deposits, shows, I think, that the stream^ were subglacial 
and not superficial. There is little direct evidence on Long Island of 
superglacial drift. The subglacial beds of stratified gravel are not so 
H anty as Mr.Upham supposes, for. as far as my observations go, they far 
exceed all other glacial deposits. The greater part of the terminal moraine, 
moraines of recession, or kame moraines, and the bottom part of the 
valleys and plains owe their modified condition to subglacial currents. 
I am aware that the terminal moraine is generally spoken of as being 
composed of unmodified drift. This is true of the surface part only. 
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for when broken into there are few places that do not show signs of 
stratification especially along old lines of drainage. On the extreme 
west end of the island where the tiood of waters was great, nearly the 
whole of tho morainic material is affected by it. The old subgladil 
channels are innumerable alon*; the whole extent of the terminal raonhae 
iind the marginal kames and kame deltas were formed by the icy car 
rents that issued from the front of tho ic^e-sheet. Where the currents 
were strong the nioraino is correspondingly liroken, and the kames is 
front become more prominent as may be seen in the vicinity of Foit 
llumilton and Greenwood cemetery. These marginal kames extend oat 
for some distance from tho ridge proper, and it is rather difficult to de- 
termine their oxact southern limit, except by the sliglit covering of un- 
modified drift. I am inclined to think that the ice-sheet did not eDil 
with the so-called torminal moraine, for even the kame deltas that extend 
southwanl to the ocean are covered with a yellowish sandy clay, very 
much like the onglacial drift referred to by 3rr. Upham. 

It is true, that the boulder line seems to end with the fnargit^l Iramit, 
yot there is such a blondiuij: of the two, that no distinct line can he 
dniwu between tho marginal kames and kame deltas. The unmodified 
i>oulder drift covering the former would show, however, that the «>- 
called euglacial till exton<led farther southwanl than the snbglacial till, 
in its unmodified form. It has seemod to the writer that tliese southern 
kamos could uot have been formed without the aid of an ice-alkc^t,and it 
nmy be that a study of this so-called englacial drift will lea<I to the 
solution of the problem, for this superficial deposit covering the plains 
on the south side of Lon*x Island has never been satisfactorily explained. 
I made montion of it iu uiy pamphlet on the formation of Long Isltod, 
l)ubli8hed in 1885 and was unable to account for its origin. It still re- 
mains a puz/le, but I think we are getting nearer an explanation. 

East port, A. I.^Jan.y ?;, 1S0:J. John Bkvson. 
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pRoFKssoR (J. Frkokrick AVricjiit delivered a series of ten 
U'cturos ill Boston durinjr Fcbruiirv and March, ou '*The Antiquity 
and Origin of tho llunuin Rjico/* as one of the free Lowell In- 
stitute (M)urs(*s. Th(» b(»arin<^ of <^eology on this subject eentere 
in tho (|uostion. How lou^r a<;o was the(Tlaciali)eriod? Professor 
Wrij^ht in rt^ily accopts the conclusions of Prestwich, Gilbert, X. 
II. Wincholl. and others, based on the amount of postglacial 
erosion of waterfalls. an<l on other evidence, which from many in- 
dependent oi)servations. computations, and estimates, grive 7,<HH' 
to lo.nno years, more or less, as the time since the great ice- 
sheets of North AnuM'iea and Kurope wore melted away. Man 
was contemporaneous with the latest and maximum extension of 
tile iee on hotli continents, as is known by his stone implements 
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in tlic gravel deposits formed by streiims whicli brought this mod- 
ified (hift from tlie ice in wliich it had i)een enclosed as englacial 
drift. Tnder the lavas of Table mountain, California, and of 
Nampa. Idaho, the implements and other relics of men, and even 
their ]M)nes. including the famous Calaveras skull, have been 
found and assigned to a vast antiquity, but they may probably l>c 
no older than the latest general glaciation. The last great local 
accumulation of glaciers and ice-sheets on the Sierra Nevachi and 
more northern parts of the Cordilleran mountain belt to Alaska 
is referred by Wright, as l>v Russell and Becker, to a subsequent 
time, during the Recent epoch. No proof of man's existence 
<luring (»ven the later pait of the Tertiary era has l)een obtained, 
and Prof. Wright believes that the ev()lution of the human race 
has betMi comprised wiiolly within the Quaternary era. probably 
occupying no more than r)U,(M)(>or lOOJMM) years. The substance 
of these lectures will be mainly included in a liook entitled 'Olan 

ft. 

ivwiX the (ilacial Period." soon to be issued in the International 
Scientific Series, supplementing the author's previous work on 
''The lee Age in North America." 

Prof. Edwin J. Poxi>, ok the V. S. Coast and (teodetic 
Survey, died in Washington in February, of scarlet fever. He 
was a vountr man of sturdy habits and a most earnest student of 
natural science, known to but a small circle of scientific people, 
owing to his modest demeanor, and his long residence in missi<m- 
arv labors in the education of colored voutli in the remote south. 
An ardent student of «:eolo*jv and lx)tanv, he was a constant col- 
lector and contributor of data to others who published them. 
Although having resided in Washington but a short time, he had 
made many interesting discoveries in local geology. The writer 
first knew him in Texas, where, with his class of students. Prof. 
Pond discovered and collected the remarkable and as yet unpub- 
lished fauna of the Shoal (Veek limestone, which he (leposited in 
the National Museum. He published several short papers in Sci 
ence on Texas iit^olotry. li. T. H. 

The Swiss Committee of Orcjanization for the sixth session 
of the International Congress of (ieologists has been constituted 
definitely as follows: K. Kenevier, president; Alb. Heim. vice 
president: H. Golliez, secretary, and C. Kscher-Hess, cashier; 
l)r. A. Raltzer, Dr. Kd. Hrueckner. L. J)uparc. Dr. K. Du Pas- 
cpiier. T)r. Kdni. v. Fellenberg, Dr. F. A. Forel, Dr H. Frey, 
Dr. J. Frueh. Dr. U. (trubenmann, Dr. A. Trutzwiller. Dr. A. 
Jaccard. Dr. K. Kissling, Dr. Fr. Kob}', Dr. F. K. liang, 1*. 
<leIiOriol. (r. Mariani, Dr. F. Muehlberg, L. Rollier, Dr. H. 
Schardt, Dr. C. Schmidt. 

At a meeting held 28 Dec. 1S91. this committee decided that 
the next session of the Couijress will be hehl at Zurich, near the 
end of August or the* commencement of September. The length 
of the session can be reduced to four (Uiys. One of these days. 
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iit K>:iM. will III' ilcvoti-il to ll)(< iii<'('tiii>;s nf tlu- wMinnsi, 1«NI 
i[Ui>stit)ii!< iiT iiicm> N|ii'i-i:il iiiti-rt-st ntll 1m> irtiitcfl There 1 
tliivr fcotiotis. vi/: 1. Miiu'iiili^y :ui<l iK'tnqthipliy : 
firjipliy jLiuI piiU'iiiitoto'iy. ;i. (ii'iicnil jri'olojry. 

Tlic (-iiiiiiiiittt'f iiiti'iiil til liiive two tmrtfi of (^^Tcimioas, \ 
Fiiol-i'\i-iirsiuiiK. 1111(1 Diili'Oiiil mid htciimitont (.'xcimintui. 
f<)riiK'r will Ih' fur tin- ]iiir|i(isi' iir stiKlyiiit; tlu' g(>o!(i)2;tcal tot 
in ti'i|iM :u'i-iiss tlifJurti nnil the Alps, :iu<) would lu> sultiib1« Ot 
for tluisv luriist'.iiied H> Ion-: wiilks. The sit-oiid will h ' 
to t'luilili- llti- i'!ini<-i|i!iiil!* to SIT till- princiinil dawfiic I 
Swisf. ;r<i)l<)jr.V. tty the time ot the sfSHJim it in i>x|H!t!iiMt ( 
tlii-t'i- will lit> :i iinmlH-r i>F tiioutitiiiii ntilroiidtt, vhicti will « 
till- visitoi-s lo si'i" soini' of ilic most I'lfiviited [mtiions x*t V 
ri'friiui. Kxcin>'ious will mIso stiirl, |ii-i'ccdinf! Hiv schsIor, I 
ditr.T.-iit iioiiits. w.'fi or iiortli fmiiiSivitm'i-land, iind will c 



:it Zui 



Alwj .ift.T IIU' ^t'S 



othe 



B will ■ 
will reiini^ll 



from /nrii'li. i-iirli;iiiti<: tlii-<>n^r|, i|i,. A|j,.s. And iIm. 
I.iiginio. wliriv Ih.- C.nfjr.'ss will liniiUy <-losi'. 

Siiiliihii' liiliT iiiiiuniniviin'iils will Ih- imidi', giriri^ mora <l( 
ll is cvidi'in tliHt lln' Swiss Coiiiniitli'i' lliivi- 
(1iiti<-s viiroroiislv niKl in •'<•<•<] s.':imiii. 

I'HIN.'KTON SriKVirt'K' Kx I'KI.I1I..\ oK ISSIl 

luiiliT I'nif. Scoii. ,-x|.loiv<l lli.> s..-<jill.'.l Ti(-:iole])tus l>«la iff. 

ni-i-|> Itivvr ropoiL. M<>iit:in:i. <liii-in<r tin- inontlii' of Aii^nst 

So|it<-iiiliiTiin<l sn'iirod ;i liirtri'iinioiint of viiluiililprnateml. ~ 

so-(':ill.'cl Ti<-lJol<-|>ins lii'ils wiiii-li ,m- hirnstiiic. n 

liiiiiird ill i>?f1i'iii ;in<l li<' lH'tw>-<-n tin- licit riiii^os. 

iiiK'oiiironiuiMv iiijoii iii.'lint-'l Ciirl 

slj.t.-s. I'lKsils w.-iv found in iil.i 

Ai^conlinj; lo Prof, S.m>11. Hi.- IV.-|. 

:i1 liMKi Iwo :in<l |ii'i-|jiiiis IIinm' <li><iiii.'l liort;«inH nni 

lie iliir.Ts fi-oiii I'rof. (\>[h: wlioscli^l of spifioH fr 

L- Unvm.,:: I'rof. V.-i,,' 

lo,-:.lilv. III till- lirsl Iiori/oii ten jri-nfr.. were iiirntiti." 
s.'<'oiiii iwi'lv.-: in til.' iliir<l or top li.il fonr. In iiU tl 
thi-ic iiiv slill SCI111,. m-n.Tn to l.i- idcnlttird. Prof. S.-ott 
111.' .■..iirliLsion Ihiif tin- l»if]i lliv.'r ( Ti\l';hpl»») lied§ form a 
|.lfi.- triiiisili.iii l-,-tw.-.'ii lilt' .loliii Hiiy :iiid the \<ai\\> Fork. 

Mit, \V, J. Mf'lK.K, OK THK I'mtkii Statks KixituunvM, 
VKv, L'!ivi-lli.' Ivclnivs on '.''■■/•••/•/ ]u si'rii's K, iii the iwiit 
pnl'lti- l.'.'lnr.'~ of Colniiiliinii I'nivt'i-silv. Wiisliingl. 
iw.-lvi. ill nnn)l»-r. .■st.'ii.liii-.'ll 

liii. K- \V. ri„vvi'oi,K. Akhi 
loiricn! l.-r-iiiivs in Murirli. h.'fn 



■vit'1-rd ti|>oD tl 
Tills 



luiiantifi 
lir 1mi(» J 
niK (?) limeHlooe H 
f nt only two yimi 
lii'dM nrc e<>inp( 
onn fin<l in this f 
tliiB Io( 
' all ;iroiii)tM i 
li.l not purMiiiiilly vis{ 



ill T.' 



Ihm 



. Ini 



They 1 

nianr, l( 

iweiv»i_ 

Polytpchiiii^ InsSU 



h .liiniiiiryniid I-Vbnianr, lA 
a (•ounif of twelve § 



frr/, M, 



THE 



1 

■AMERICAN I 

IGEOLOGIST 

* UOMTHLr JOURNAL. OF | 

OEOI.OOT Alto AI.I.IED SCIEHOEB. 1 




EDITURS AND PRQPR lETOHS- 



S.-«J11A II. *\ 



Sineli Nmntere, 35 Conts. 



J 



Kesrlii $ali3crl|itiM, SI 



Garden and Forest. 



JlcvotKil tt) the acifiicihu. prur'ticni and iuoiiiti^ 
iui Hm-tieult:ur(t, LaiidnciipM Alt- and Fnvitiitry J 
fyrnUits ari'- the fiitvmnist Aou'rican aiiil l!uru<^ 
an Authuritio-i. The- i:ont«jits iuolude dcsci'ijn 

!nK lit iiitw pi.: ' ' ■■ lion ami aili'i^t* fit 
rinor nnil •" mx tint) rMiltivutiuOi 

».l . ...;,., ,.,(., Pink- —I ..M-nl^ 
iittnuuul niQiiiutoinrnitol 

bt*friii-l iUsi-ii"hMt !■)) lilt 

tl'lll llw «10pO nf ' 



b • T^«Br. awm ror SBnoiman Cony »no Sdhbimi (liuNninK 
Mt*k <fl(h Dinar PM-lotlliial*. AaOru*, 

DAHDEN AND FOREST PUBLISHING CO.. 

TrillunsBullilliig, NEW VOHK. 



THE 



AMERICAN GEOLOGIST 



Vol. IX. MAY, 1892. No. 5 



AN EXPERIMENT DESIGNED TO SHOW THE UP- 
WARD MOVEMENT OF SUBGLACIAL 

DEBRIS. 

liy (>^tHIAN (JUTHKIE, Cliicugo, III. 

The fnlldwiiigexperimt^nt wtiHilevNtHl HomHimt^ .•♦iiice by Mr. (Jiithrl*' to show that 
f<iitn;la(-ial inuterial rii*eK throut^h the ice diiriiiff Uh forward iiioveiueut. Since the experl- 
iiu'iit haK b«»en referred to in this journal* a* (Jnowhijf that ><iibtrlacial material doen nave 
Kiu-h motion, it han been deemed advinable tt» jrive an account of the experiment an 
e*|ually wide diHtribution. The experiment of Mr. Guthrie wan dexcribed in a paper 
^•ntitled ''The Lake Michif^an (ilacier and Glacial ClianneU acro^H the Chicago Divide" 
pn'M.'nted to the (ieological Society of Chicago, Octol)er 30, 18«0. Ed. 

A )k)X was constructed H ft. long, JJ ft. high, and 10 inches 
wide, to represent a valley. The inclination of the l)ox was 
slight. alK)ut six inches in the eight feet. The bottom of this 
Im)x (large A in the cut) extendtHi about three feet beyond the 
\h}\ at the upper end, for a fulcrum for the lever E. The box 
had no cover and but one end, (small A) which was <lesigned to 
represent the upper end of the valley and also aid in applying 
the pressure re([uired to move the ice. Through this head a slot 
or mortise was cut, 15x10 inches, through which the piston P 
moved; thi» head also formed one si<le of the hopper or chute (t 
which extended from one foot aix>ve the top of the valley to the 
lK)ttom. This hopper or cliut^* opened into the upper end of the 
valley directly in front of the piston D to which, through the 
agency of the lever K, a total force of l,r)00 pounds could be 
applied if necessary. The si<les of the Ijox were supported 
against the great pressure by several strongly l)olte<l clamps. 
This lx)X was then tilled to the top with broken ice VV. and the 

♦Ameiuc.vn Geolocust, Vol. IX, Maxch 1892, |), 187. 
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lioppiT was filhMl with a niixturi» of broken ice andrtnl Handstouef 
al>oiit half and half in V)ulk. The sandstone gave the mixture a 
dark color, and also jrave it a specific jjravity much grc^t^r than 
that of the pure ice in the valley. The lever was then c>i>enited. 
and the hopper kept supplied with the mixture until it was forcetl 
up through the clear ice in the valley, as shown by the dark mass 
between FF in the cut. A freezing mixture was tlien applied to 
the sides of the Ikjx. and the whole covennl with canvass and 
allowe<l to remain until fn»zen. when one side was removed and :i 
photograi>h taken from wiru'h the cut was made. Threi» similar 
<*xpennients had )>een niadi* previously, with gravel an<l cement. 
Jill resulting the same 

The colored material introduced at the lK>ttom of the upiKT 
end of the valley ap))earetl at the surface of the ice witli numdtNl 
front, -in true <rlacial stvle. " 



PRELIMINARY DESCRIPTIONS OF NEW BRACHIO- 

PODA FROM THE TRENTON AND HUDSON 

RIVER GROUPS OF MINNESOTA.* 

N. n. WiN(iiKii .111(1 Ciiaui.ka Sri(( riiKUT, Miiiiion|H>liH. 

Lingula riciniformis var. galenensis. 

Tile coiispiciions dltfcrence ln'tween L. rivhiiformU Hall, and 
this varietv. is that the former is constantlv two thirds the size of 
thf latter, and that the jrreatest wi<Uh is across the center of the 
length of tli<' valvps. while tiu' varietv is widest in the anterior 
third. Ill the (laleiia liori/<»ii at Oshkosh, Wis., this variety is 
not rail*, and then* attains twice the size of L. rirhnformift Hall. 

Plate wix, tiL'-i. 10. 11. 

h'oriiKitinii tiinJ inra't'tif. <JaliMiji sluiles, nortli branch of the Zunihn) 
ri\«'r. 

Lingfula (Glossina) deflecta. 

Shell niedimu size, siilit riaiurnlar: lateral margins divei^nj; 
more or less rajjidiy from an acute ajjcx. to the broadly rounded 
and <let1eeted anterior third Shell substance thick, ami marked 
l»y stronsr. irre<ruhir eoiiceiitrie lines of ijrowth. Ix'tween whicli are 

*'rh<* tle.siLMiations c»i" tigiiro^ ami plates refer to Vol. HI of the Final 
Ueport ou the (iet)l()Lry an<l Natural History of Minnesota. Ad^'anci* 
prints distributed Apr/l. lsj»*>. 
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numerous finer ones. In a profile view the line of conjunction of 
the valves is more or less convex dorsally. Pedicle (ventral) 
valve flat or slightly concave along the center lengthwise, and 
stronjiirlv convex transversely. 

Brachial (dorsal) valve strongly convex, both transversely and 
longitudinally. In the interior of this valve the cardinal margin 
is broadlv flatten<>d. striated, divided centrally bv a well defined 
narrow depression which terminate^s at a point one-fourth the 
length of the shell from the posterior edge. Near the fwsterior 
i*nd of the ^lepression are faint traces of the umbonal scar. The 
vascuhir trunks are discernible on each side and anterior to the 
rostral dei)ression: thence having the same curve as the outer mar- 
gin of the valve, proceed to a point somewhat beyond the poster- 
ior Iialf of the shell, where they gradually converge and meet near 
the anterior margin. Vascular branches originate only from the 
outer side of the vjiscular trunks. There is no other species of 
Lingula from the Lower Silurian, with the peculiar deflected anter- 
ior portion of the shell so characteristic of this species. 

l*late XXIX, figs. 15-18. 

Formation ami Utrulity. Near the base of the Galeua, near Fountain, 
:in(l in ih<' Hudson River, near Spring Valley, Minn. 

Lingulasma galenensis. 

Sholl large oblong; subpentagonal. Anterior margin slightly 
convex, somewhat produced in the center. This species ditfers 
from L. srinichn'ti I'lrich, in that the brachial (<lorsal) valve is 
dei»per. platform and median septum shorter, and the crescent 
smaller. In the pedicle (ventral) valve the platform is also shorter 
and is of an entirely ditfen^nt sha))e. The muscular scars of this 
species are also more distinct, while the interior pedicle area is 
absent. 

Plat** XXX, figs. 14. 

F*n'n}tition iirul htailittf. Near the top of the (4alena limestone. Bear 
rreek. i^outh from Hamilton, Minn. Also in the (ralena limestone at 
Derorah, Iowa. 

Strophomena septata. 

This s|)ecies se(»ms to be a local development of S. frmfonensis 
and so far as external characters are concerned no distinguishing 
features can be pointed out Compared with S. rmjinni we find a 
still closer general resemblance, lH)th externally and internally. 



280 77*/' Amerlivn Geologist. M«7,ifti 

It can, however, l)C separatwl wadily from both when the iuterior 
is shown, by the strong mesial septum of the {MKlicle (ventral) 
valve. This originates 1)etween the cliductor scani and continnes 
to increase in strength to near the anterior margin where it often 
coalesces with one or two of the vascular ridges. In S. trentoit- 
rnsiH the thickening of the interior near the anterior margin of the 
pedicle valve is obsolete, or entirely undeveloped — ^which is 
another distinguishing feature. The cardinal processes In both 
thest* species :ire also more elevated, while the rostral thickenii^ 
upon which it rests is less strongly develope<i than in S, rttfosii. 
The septum of the pedicle (ventral) valve in S. xeptato. will aliio 
distinguish it from S. incmififa^ in additicm to ita Httialler s»izer 
and comparatively greater width than length. 

I'late XXXI, figs. 1-3. 

Formation nud loiuility. Common in the upper third of the Treuton 
shales at St. Paul and Minneapolis, and at Pleasant Grove, Olmsted Co., 
Minn. 

Strophomena planodorsata. 

liargt\ sc;mi-circular or sub-c^uadrate in outline, CfMKsivo-ewk- 
vex. wider than long, greatest width along the hinge-line w 
imm(Hliat<»lv in front of it. Surface with fine radiating stria? every 
other or every third one somewhat stronger than thosc^ interawdi- 
ate. crosscMl by exceedingly dcOicatt^ and closely crowded eonceii- 
tric lines, and towards the anterior margin by a few larger snb. 
imbricating lines of growth. 

The si/e, large flattened area of the dorsal valve, and the snb- 

«|uadrate muscular area <listinguisii this sih^imcs from all others of 

the X nnjoKti type. 

Plate XXXI, tigs. 8-10. 

Foriioiiion nntf locality. Hudson River group, Spring Vallf^y; Ifoa 
Kidgo, Wis.: Wilmington, III. 

Strophomena scofleldi. 

Shell suuilL semi-circular in outline, biconvex, with a more or 
less prominent fold antl sinus toward the anterior margin: hinge- 
line a little shorter than the greatest width; area of pcilicle (ven- 
tral) valve forming an angle of about 140° with the plane of the 
liitenil margin, centrally occupied by a convex i)erforated delti- 
dium. that of the brachial (dorsal) valve fitting closely against 
.the other valve. Surface marked by numerous crowded. 
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rounded, radiating striie, increasing in number by implantation, 
and from 110 to 120 along the outer margin in adult shells, 
crossed b}* delicate, crowded, concentric lines and a few coarser 
growth marks. 

Bracliial valve not deep, evenly convex or with a fold near the 
anterior margin. Cardinal area very narrow, and slightly re- 
flexed. Cniral plates prominent, very oblicjue, coalescing medi- 
ally; upon this thickening at the base two low ridges originate 
which continue upward and outward into the small low cardinal 
processes, about one half of which is covered by the deltidium. 
Immediately underneath the crural plates are two pairs of small 
adductor muscular scars, separated by a low rounded and short 
septum which bifurcates anteriorly. 

IVd icle valve somewhat deeper than the other, evenly convex 
or with a broad shallow sinus near the anterior margin. Hinge 
teeth prominent and joining with the outer elevated margin of 
the short, sub-oval muscular area. This area is centrallv divided 
b}' a low ridge separating the two pairs of adductor and diductor 
scars. 

This species is of the type of aS. ahinnUi (James) Meek (Pal. 
Ohio. vol. 1, p. 87, pi. v, figs. 5// to 5/), but can be distin- 
guisiied readily from that species by the smaller size and gre^itei 
number of strije, which is about 60. The profound fold and sinus, 
greati»r size and less numerous striie of *V. ftuhfitn de Verneuil, 
will distinguish it from *S*. srofiriib'. 

mate XXXI, figs. 17-20. 

ForimUion and lotuility. Rare near the top of the Trenton shales at 
Minneapolis and St. Paul: common near the base of the Galena in asso- 
ciation witli Olitamhonit*'M lUrerHn at several localities to the south of 
Cannon Falls. 

Strophomena emaclata. 

Shell small, depressed; biconvex, semi-circular in outline; 
hinge- line somewhat less than the greatest width of the valve. 
Surface marked by numerous angulated radiating striie, increas- 
ing in number by interpolation, from 05 to 75 of the large and small 
ones along the anterior margin. 

FVdicle valve depressed convex, sub-angulated medially, great- 
est i>oint of elevation al)out mid- length. Cardinal area narrow, 
less than 1 mm. in width, strongly elevated with a very convex, 
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jipiciilly perforated deltidium, which is somewhat wider than 
long, and excavated j>osteriorly for the reception of that of the 
other valve. 

Brachial (dorsal) valve nearly flat or slightly convex, with a 
shallow mesial sinus, having its origin near the beak and rapidly 
widening to the anterior margin, which is more or less sinuous 
according to the depth of the medial depression, (^ardinal area 
linear with a short, broad deltidium partially covering the cardinal 
process. 

This little species of Strophomena is separated readily from all 
other biconvex forms of this genus, in having a rapidly widening 
mesial sinus in the brachial (dorsal) valve, and the pedicle valve 
sub-angular along the median line, while in all other related spe- 
cies these characters are the reverse. 

Plate XXXI, figs. 21-24. 

For/iuitioti and locnlity. Near the base of the (i^alena, associated with 
Clitftn)bonifes dinrmf^ south of Cannon Falls. 

LeptsBna charlottse. 

Shell small, transvei^sely semi-oval, plano-convex, geniculate, 
with the sides slightly convex, and converging to the broadly 
rounded front, or drawn out tongue-shaped; hinge-line as long 
or somewhat shorter than the greatest width of the shell. Sur- 
face marked by fine, closely crowded, alternating striie as in 
RaJiiH'squuni (ilttrmtta, crossed by exceedingly delicate concentric 
lines, and over the visceral disc of each valve 1)V more or less 
continuous zigzag undulations or wrinkles. 

L. rharloffn differs from any other American species of Lrp- 
titna in its zigzag concentric surface corrugations, and other 
minor features which can be seen more readily in the illustrations 
than by any written comparison. Plate xxxii, figs. 1-5. 
Plate XXXII, figs. 1-5. 

Formation and loeaUly. Upper portion of the Trenton limestone and 
base of the Trenton shales in the Bryozoai layers at Minneapolis and 
St. Paul. 

Plectambonltes glbbosa. 

Shell small, semi-circular in outline, strongly concavo-convex, 
wider than long, greatest width along the hinge-line. Surface very 
finely striate, with six or seven stronger striations on each valve, 
much as in P, transi'trsaUn. 

Pedicle (ventral valve) very giblMius and sub-carinate medially; 
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kiteral slopes rapid and slightly concave : greatest elevation about 
mid- length. Cardinal area strongly elevated, slightly concave, 
:soinewhat wider than that of the other valve: delthvrium al>out as 
wide :is long, with a small deltidium in the i>osterior portion, and 
more or lessooeapied by the cardinal process and deltidium of the 
other valve. Teeth small, supported V)v strong dental lamella*. 
Diductor muscle pits deep, short, strongly diverging and separated 
|K>»teriorly by a small septum. 

Hniehial (dorsal) valve concave and closely following the curva- 
ture of the other valve. Cardinal area wide, flat, rctrorse; del- 
thyriiiin with a large, simple cardinal process more or less covered 
by a deltidium which is usually imperfect medially. (Crural 
pro<H'ss*»s short and widely divergent. Adductor muscle seal's 
broadly triangular in outline, lobate. with the outer nuirgin 
strongly elevate<l. 

The convexitv of its valves, and tht» interior characters of the 

* 

bmchial valve will distinguish at once this species from P, svrlrva 
Sowerby and P, dfcipiens Billings. Plate xxxii. figs. 18-17. 

Plate xxxif, figs. 13-17. 

formation timl locality. (Talena limestone four miles soutli of Cannon 
Falle, and at Mantorville, Minnesota. 

Orthis meedsi. 

Shell of medium size, su]x)rbicular, in outline: biconvex: an- 
terior margin broadly deflected doi-sally: hinge-line al)out one- 
fonrth shorter than the greatest width: surface marked by strongly 
elevated, sharply rounded stria*, from forty-five to seventy on 
each valve along the anterior margin, crossed by numerous thread- 
like lines of growth; stria* arninged in bundles of two or three, 
thcMiw* of the pedicle valve bifurcating, while on the brachial valv(» 
an increase Uikes place by interpolation. Exfoliated specimens 
show two or three rows of small black spots terminating on the 
striie, which may represent perforations in the shell substance. 

Pedicle (ventral) valve slightly convex, with a broad shallow 
inns: canlinal area of moderate width: slightly concave, elevated 
beyond, or depressed below that of the brachial valve: delthyriuni 
small, triangidar: beak slightly incurved. Interior characters of 
the valve are like 0. pvctinelhi but less sliar[)ly <lefined. 

Brachial valve strongly convex centrally, with the lateral post- 
erior areas somewhat concave: cardinal area very narrow, slightly 



290 TJie American Geologist, >•«>-, i^w 

concave, with a broad delthyriiim, which is occupied in part 
by a striated cardinal process. 

Plate XXXII, figs. 39-42. 

Formation and locality. Top of the Trenton shales at St. Paul, in 
association with 0. pectindla and variety fiwe^neyi. Cannon Falls, Ken- 
yon, Fountain, and elsewhere in Minnesota; Neenah and Oshkosli, Wis.: 
McGregor, Iowa. 

Orthis meedsl var. germana. 

This variety -is diflferentiated from the above species b}' the fol- 
lowing characters : Smaller in size and squarer in outline ; valves 
more strongly and evenly convex: hinge- areas nearly equally wide 
but narrower, with the beak of the pedicle valve slightly elevated 
beyond that of the brachial ; pedicle valve with a slight, some- 
what angulate<l fold, while the brachial ; has a shallow but dis- 
tinct sinus which originates immediately below the apex of the 
valve. These produce a slight sinuosity in the anterior margin, 
the direction of which is the reverse of that in 0. nipffhi. 

Plate XXXII, figs. 43-45. 

Formation and locality. Not rare in the Galena formation at a horizon 
which is about 30 feet above strata holding Clitambonites diverna at several 
localities south of Cannon Falls, near Kenvon and Fountain. 

Orthls proavita. 

Shell of medium size; subcjuadrate ; hinge line equal to, or a 
little less than the greatest width of the shell; cardinal angles 
rounded or rectangular; sides gently convex and converging to a 
more or less flattened or slightly concave anterior margin. Sur- 
face marked b}' simple, sub-angular strite having their origin at 
the apex of the valves or immediately below it, addition taking 
place by interpolation on the brachial and bifurcation on the ped- 
icle valve; one to three strite terminating on the cardinal margin 
on each side of the umbo ; 3G to 42 in number on mature exam- 
ples, crossed by a variable number of imbricating growth lines 
near the anterior margin. In some of the specimens the anterior 
margin is sharply reflexed as by old age. 

Pedicle valve has an insignificant mesial elevation. Area com- 
paratively narrow; delthyrium broad, triangular, two-thirds oc- 
cupied by the cardinal process of the other valve; beak somewhat 
incurved. Interior characters as in 0. suhquadrffta. 

Brachial valve more or less strongly convex, greatest elevation 
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about mid-length. A shallow, or .sometimes well pronoiincwl 

broad sinus is present, having its orijjin in the upper third of the 

valve. Area narrow, perpendicular or siijchtl}' inclined forward. 

IHffers from 0. Iphiyenia Billings, in having the fold and sinus 

reversed, and less numl)er of striie. 

PUte XXXII, figs. 51-58. 

Formation and locxility. Not rare in the upper portion of the Hudson 
River group at Spring Valley. 

■ 

Zygospira uphaml. 

This s|>ecies occurs in the (Jalena limestone alK>ut 7)0 feet alK)ve 
the layers holding Z. rt'curviroHtn's in abundance. Its general 
expression shows it to be a descendant from Z. rcriirvirostiix but 
ditfering from it in its much larger size, stronger convexity of 
the valves and somewhat finer stria?. The last feature is more 
apparent than real, due to the greater size of Z. uphami. Some 
specimens from which the shell has partially been exfoliated. 
show the interior of the pedicle (ventral) valve to have a strong 
muscular cavity extending from the lK*ak to alK)ut one third of 
the length of the shell. From the antero- lateral margins of the 
area originate two prominent, diverging ridges, probably the 
markings of the main trunks of the vascular »y stem which InK'ome 
obsolete near the front margin. The crural plates of the brachial 
valve are very strong, and at their bases coalesce with a stout but 
rather short median septum, u|)on each side of which posteriorly 
are situated two depressions of the adductor scars : the secon<l 
pair undefined. 

Z. ujihami is the linking species between Z. nritrrintstn's 
and Z. ermtica Hall, and Z. Imnfi Billings. Its nearest relations 
are with Z. errattcn. 

Plate xxxiv, figs. 45-48. 

Formation and locality. Middle of the (valena horizon at Weisbach's 
dam, near Spring Valley, and near Wykoff and Fountain. 

Halllna, n. gen. 
Shells small, articulate, rostrate, biconvex, semi-plicate. Ped- 
icle opening boundwl laterally by incomplete deltidial plates. 
Calcified brachial supiK)rts comparatively long, somewhat longer 
than one-half the length of the brachial valve. an<l in form ninch 
as in Wahlheimla. The detailed structure of the articulatinjr an<l 
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canlinal processes is unknown. In thin sections it is shown tlmt 
the crnral plates of the brachial valve do not converge me<Ually 
and join with the posterior end of the nieiiian septnin :is in WnlJ- 
heitiua, but tlmt they probably coalesce with each other; a nie<l- 
ian septum is not present. Muscular scars undetermined. Shell 
structure impunctate, distinctly fibrous. 

Type. Hallina saffordi, n. sp. 

Xamed in honor of the veteran pahvontologist, of Alban}', N. Y. 
Hallina najfonfi and H. niatUeti do not show a punctate shell 

structure, either in thin section or on the exterior surface of the 
shell. The rudimentary deltidial plates, absence of a median 
septum in the brachial (dorsal) valve, and the impunctate shell 
structure will distinguish llalh'na from Wahfhthnia and related 
genera. 

This is the earliest known terebratuloid genus, and it is repre- 
sented by two abundant and widely distributed species 



Hallina saffordi. 

Shell very small, rostrate, regularly elongate, oval, striate and 
evenly l)i-convex. Pedicle (ventral) valve somewhat more convex 
than the other; point of greatest elevation aliout mid-length, 
slightly carinated, but otherwise evenly convex in all directions. 
Beak strongly incurve<l, but not in contact with the umbo of the 
brachial valve, with a small pedicle opening which is i>artially 
surrounded anteriorly by incomplete deltidial plates. Te<»th 
well developed and supported l)y delicate, strongly obli(iue dental 
plates; other interior characters undefined. 

Brachial valve evenly convex with a very shallow sinus in the 
anterior half. Brachial supports straight from the crural plates 
for a short distance forward, then bending backwards and later- 
ally, turn and proceed forwards a short distance beyond mid- 
length, and nearly parallel to each other, where thev bend rather 
abruptly upwards, and medially join at a point which isataliout 
one-half the length of the calcified brachia. Thin sections do 
not show strongly thickened crural plates, nor a median septum 
amalgamated with the former at the posterior end. There is prob- 
ably a small cardinal process present. 

Surface marked with from 15 to 20 subangular strite, which 
terminate on the posterior third of the valve; no concentric lines 
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of jfTowth observable. Shell stnicture fibrous and apparently ini- 

]>uiict2ite. 

Plate XXXIV, flgs. 55-58. 

Korn^dion and locality. Common in the "Glade'* limestone at Lebanon, 
Tenn.; also near the top of the Hirdseye limestone at High Bridge, Ky. 

Hallina nlcolletl. 

Shell small, rostrate, biconvex, oval or sub-eireular in outline. 
l*e<liele (ventral) valve convex; point of greatest elevation alx)ut 
luicl- length, with a shallow, very narrow sulcus down the centre. 
lK>niere<l on each side with a low rounded ridge, wliich towards 
the anterior margin becomes more prominent. The anten>-lateral 
limits of the shell mav be smooth, or with as nmnv as five low 
roundeil plications or marginal undulations. Heak strongly in- 
curi'ed, and with a small, oval pedicle opening, bordered ])y rudi- 
mcntar}' deltidial plates on each side. 

Brachial (dorsal) valve evenly convex, and trilobe<l toward the 
anterior margin; in some specimens the lateral lo]>es may have 
;iH many as six low rounded plications along the front margin. 
Calcified brachial supports much as in Hall inn s(tjj't,n/i. except 
that the outer bands are curved laterall}'. whih» the anterior, 
recurved |X)rtion is shorter. Articulating processes an<l muscular 
sc.'ars unknown. 

Httilimt iilcolhti is an easily recognized species, in its small 
size and camarelloid exterior. It differs from I hill I mi saffonH 
in the fold and sinus, and the usually o]»solete ninrginal plica- 
tions. Its associated species are the same. 

Plate xxxiv, figs. 59-62. 

Formation and locality. Ahundant in the upper third of the Trenton 
limestone at Minneapolis, Mantorville, St. Charles, Hoohestor and Foun- 
tain. Also at Decorah, in lowii, and Heloit, Wis. 

Rhynchotrema InsBqulvalvis var. laticostata. 

In the shales of the lower portion of the (ialena south of Can- 
non Falls R. inivqinvaJi'ia (=/?. iiicnhrsrrns) i}fUn\ attains a far 
greater width than is usual for the sj)ecies. The four plications of 
the fold are closely arranged, while the five or six on each side of 
it are spread out, and are therefore larger than in that species. 
The junction of the two vji Ives along the anterior margin is also 
more largely' flattened. Tlu^sespecinien.s if foun<l alone would be 
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regarded at once as a distinct species. Their development begins 
in the upper portion of the Trenton shales, where specimens are 
occasionally picked up at St. Paul. It is, however, not until this 
species is found in association with Clitambonitea divc.rsa Shaler, 
that the variety' becomes common and attracts ones attention. 
In the Trenton of New York and Kentucky occasional specimens 
are met with approaching var. latieostata, but none of them are 
so strongly transverse as the Minnesota individuals. 
Plate XXXIV, figs. 26-29. 



THE DRIFT OF THE NORTH GERMAN LOWLAND. 

RoLLiN D. Salisbury, Madison, Wi>«. 

Dr. Felix Wahnschaffe, of the German geological survey, has 
recently issued a small volume entitled "The Causes of the Sur- 
face Form of the North German Lowland.''* As the title indi- 
cates, the volume is primarily geographical, but it discusses the 
geography of the area under consideration from the geological 
standpoint. The lK>ok is particularly welcome to American 
glacialists, since for the first time it presents in compact form the 
general conclusions which have thus far been reached in Germany 
in the field of glacial geology, and affords a convenient and a<le- 
quate basis for a comparison between the corresponding phenom- 
ena of (irermany and the United States. Most of the publications 
on the glacial geology of Germany, which have heretofore ap- 
peared, hav(» been special reports on circumscribed areas. These 
publications have not been widely distributed, an<l are not so well 
known to American geologists, as could be desired. Dr. Wahn- 
schatiTe's publication will therefore be of great interest and service, 
since it will aid in correlating the phenomena on opposite sides of 
the Atlantic. It is the purpose of this article to review the salient 
features of Dr. AVahnschaffes volume, and at the same time to 
make some suggestions concerning the correlation of German and 
American glacial formations. 

The volume has many excellencies. The author's sense of pro- 
portion is good, and special points are not magnified at the ex- 
pense of other eijually important ones. The lx>ok does not at- 
tempt more than it accomplishei. In Germany, no less than in 

♦Die Uraachen der OberfiUcheDgestaltung des Xorddeutschen Flach- 
landes. pp. 16rt, Stuttgart: Verlag von J. Engelhorn. 1891. 
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America, there are many (jucHtions connecUnl with the formations 
-of the ice age, concerning which there is not unity of opinion, 
And individual opinions are held, with certainly not less tenacity 
in frermany than in America. It is a conspicuous merit of the 
volume before us, that the author has stateil with much fairness 
and discrimination the conclusions of other gw)logi8ts where they 
do not agree with his own. In his copious bibliographical notes, 
the author shows his intimate familiarity with the litemture of his 
subject. This is true not only of German literature, Init of that 
of other countries as well. Although we are compelled to dis- 
sent from some of the conclusions reached l)v Dr. Wahnschaffe, 
and although we could have wished a fuller discussion of some of 
the questions involved, the volume is nevertheless a very satis- 
f acton* discussion of the glacial formations of the area under con- 
*4ideration. The order of treatment is gen(»rally historical, so that 
the volume gives us a sort of history of the evolution of opinion 
concerning the glacial formations of the territory d(»scribed. 

The questions of glacial geology have betMi studied for the most 
part independently in (Jermany and in the United States. It is 
larratifying to observe how closely the conclusions arrived at by 
the geologists of the one country agree with those* of the other. 
Yet there are some points of ditfercnct*. In some cases these 
^litTerences are hardly more than verbal, and yet thes(» verbal 
^litTerences have more than once given rise to misunderstandings 
3ind to controversy. In other cases tlie differences are radical. 
The differences in the Prepleistocene g(*ology and topography of 
the ice-invaded territory of Germany and America may be largely 
reHix>nsible for the difference in the history of oi)inion in the two 
<rountries. The differences in the methods of work have likewise 
lielpcnl to develop diverse interpretations. It is interesting to 
note that the differences between the present conclusions of Ger- 
man and American glacialists are much less considerable than 
those of an earlier date. 

TojMyraphy and Relief of Xort/t Grntunn/ ihn nniinly tn Drift. 
Dr. Wahnschatfe devotes a chapter to tlie discussion of the re- 
lations of the Prepleistocene formations of north (Jermany to the 
present surface. His conclusion, which seems to be well founded. 
is that the relief and to[)ography of north (Jermany are mainly 
due to the disposition of the drift formations. A table of deej) 
4x>ring8 extending through the drift into the Pn»pleistocene forma- 
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tions l)elow, reveals the interesting fact that in many places the 
upper surface of the Prepleistocene formations is below the level 
of the sea. Were it not for the drift, a very considerable i)0i"ti(»n 
of north (iermany would be covered by salt water. In several 
places where the depth of the drift is known, its lower surface is 
more than 100 meters IhjIow the level of the sea. In one place 
its lower surface reaches the sistonishing depth of KJO meters be- 
low sea -level. 

The disturbances of the Prepleistocene formations b\' ice-[)res- 
sure during the glacial period are discussed. The conclusion is 
reached that such disturbances, residting in the folding and dis- 
torting of strata, were widespread, but that they did not attain 
such proportions as to exert an imj)ortant influence upon the geog- 
raphy of the region affected. 

Tlncltnvs.s of' drift. The chief interest in the bo<»lv centers in 
the discussion of the glacial formations themselves. Tlu^ thick- 
ness of the drift presents variations not less than thos(» which 
characterize the corresponding formation in our own country. In 
many localities the depth of the drift is more than 100 meters. 
The greatest depth given is 171 meters, but even at this depth the 
l)Ottom of the drift had not been reached at this localitv. One 
hundred and sevent^'-one meters is somewhat more than thegreiU- 
est thickness of the drift known to the wriUn'in the United States. 
The average depth of ilrift on the north (ierman "flatland' is 
probably greater than that over most areas of ecpial extent in our 
own country. This is no doubt in part the result of the softer 
character of the formations over which the ice there spread. 
They were more easily eroded, and to a greater depth were con- 
verted into drift. 

At th(» beginning of the chapter which di.scusses the effect of 
the ice upon the geography of north Germany, the author reviews 
the history of opinion concerning the drift of (Jermany. This 
involves a review of the history of opinion concerning the glacijil 
hypothesis, from the time when it was shown to be impossible, to 
the time when, in spite of its impossibility, it was demonstrated. 
This is not the first time that that which was believed to be math- 
ematically impossible has proved to be true, particularly in geol- 
ogy. Concerning the application of mathematics to geology Dr. 
Wahnschatfe (piotes approvingly the statement of F. von Uich- 
thofen: ''Mathematical calculation is inclined to take too little 
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cognizance of the facts which are established by observation, and 
in their stead to start from premises which have nothing to do 
with the problem in hand. The result is that mathematics, by 
very painstaking methods, sometimes reaches results Avhich are 
altogether without value for the explanation of the real relations 
of things/' (p. (Jli.) 

Sfri*t\ One of the strilving differences between the glacial 
phenomena of Germany and America is the paucity of stria* in 
the former countrj'. The ice there invaded territory whose 
formations Ix^Iong largely to the Cretaceous, Kocene and Neocene 
|H*rio<lH. They are unindurate<l and therefore not adapted to the 
rec*eption and retention of strije. These formations contributed 
tronerouslv to the drift, and were finallv deepiv l)uried bv it, so 
that nKjk exposures are relativ(»ly ran*. ' The strong contrast bc- 
t wc^^»n the two (*ountries in tlic matter of stria* can liardlv l)e more 
forcibly illustrated than by indicating that within the sj)acc of ten 
pages tlie strije of each known locality in (iermany arc not only 
inontioued, but discussed, as well as such other phenomena of 
jjjhic'iation, — planation, polisiiing, i-orJws nKnitmnn'is^ etc. . .ms 
are intimately connected with stria*. Since slrije on ])ed rock, iuid 
their accompaniments were at the outset regarded as the most 
i*<>nvincing pr(M»f of an ice sliect. and since the surface inferior 
to the drift in Germany is rnrcly exposed, and since the.se ex- 
posures are nirely of such material as to exiiibit stria*, pianatioii. 
<'t<\ . it is not strange that tiie glacier hypothesis did not find so 
rt^ady acceptance in Germany as in our own country. 

Tiff nun' nly ftiilnjhirhit. The till of (Iermany Or. WahiLscliatfc 
n'gards as almost wholly subghicial. While ndinittiiig the possi- 
bility of .superglacial till, he does not n*gard it ns having any 
€M>nsiderable development in Germany. Intliis n*spect Dr. Wahn- 
xohatfe's opinion is sharply in contrast with that of some Amcri- 
c^in geologists, who hohl to the idea of very considerable thick- 
iu*s»es of superglacial till overlying the subglaciai. and in con- 
sonance with the view of other American geologists who believe 
that superglacial material ha> but relatively slight development in 
our country'. The rea.sons assigned (pj). S2-.')) by Dr. Walin- 
schaffe for classifying essentially all the till as subglaciai, would 
not 1k» of force as applied to material transferred from a >ul»- 
glacial to a superglacial position, if such transference takes place. 
And such transference is assumed to be possible (j). >^{\), The 
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references cited in support of the position that subglacial material 
may become su[)erglacial, are based on observations on existing 
Alpine glaciers. Here the supposed transfer of stony material 
from the bottom of the glacier to its upper surface is accompanied 
by conditions which would not exist, or which would not exist to 
the same extent in plane regions. 1 believe it is true that the 
transference of subglacial material to a superglacial position is 
facilitated b}' these conditions, if not entirely dependent on them. 

The ice-sheet which invaded Germany had descended from a 
mountainous region. The ice-sheet which invaded the United States, 
while it descended from high lands, did not start from, or pass over, 
a region nearly so mountainous jis that of Scandinavia, from which 
the German ice-sheet took its source. It would be expected there- 
fore that Germany would be more favorable territory than the 
United States for the development of superglacial till, whatever the 
process by which it became supei glacial. Under these circum- 
stances it would seem that if any difference exist between the quan- 
tity of superglacial till in the two countries, (rermany should have 
the more. Dr. Wahnschaffe's opinion as to the paucity of super- 
glacial till in Germany is therefore significant, and is in harmony 
with the writers opinion concerning the same sort of till in the 
United States. 

The. Ground Morniiir. Dr. Wahnschaffe discusses the method 
of transix)rtation and deposition of the ground moraine. The 
views of the various German Geologists who have expressed opin- 
ions u[X)n the subject are cited and discussed. Heim is cited tis 
holding the opinion that material can be carried forward beneath 
the ice only where and when it is frozen to the ice itself. Haas 
introduces variety, if not value, into the series of o[)inions con- 
cerning the method of deposition of the ground moraine, by sup- 
posing that wherever the thickness of the ice was considerable, its 
weight must have converted its lower portion into water, so that 
between the ice and the land surface beneath it there was a layer of 
water in which the depositionof the till took place, and that the ice 
really rested upon the land surface onl}* near its margin where its 
thickness was not great. From this view Br. Wahnschaffe dissents. 
He advocates the view — so far as the writer is aware the only one 
ever held by glacialists in America — that the ground moraine was 
accumulated gradually beneath the ice. The lower portions of 
anv considerable l)odv of till in anv jjiven locality, are therefore 
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<>lcler than the upper, by some short jMjrioil of time, at least. In 
support of this position, bowlder pavements and isolated bowlders 
in bcKlA of till are cited, whose upper surfaces were striated by the 
paBMi^e of the ice-current over them, after tliey had ceased to 
move. The only reference which Dr. Wahnschatfe makes to the 
^iinount of material which can be carrieil l>eneath the ice at any 
^von time is the citation of Penck's opinion that till to the thick- 
nc^SM of Heveral meters ma}' be carried beneath the ice at one time. 
AVe should have l>een glad of Dr. Wahnschaffe's opinion concern- 
m^ the positions in which ground moraine material is deposited, 
with reference' to the margin of the ice. But to this point we find 
no refen»nci». 

TTiro Glnctfil EpocJut. The history of opinion ('oneerning the unity 
tir otherwise of the glacial period is discussed, thougli less fully than 
^XOologiHts could have wished. The meagernessof the discussion at 
this point is probably the result of the fact that the object of the 
book is primarily geographic, rather than geologic. Dr. Wahn- 
sehaffe Ix'^lieves that there were two glacial epochs, and most of 
the (ierman glacialists hold the same view. Thc^ evidences cited 
for a bi-/old division of the drift, and therefore for two glacial 
epotrhs, an» mainly (1) the existence of vertebrate remains in the 
liecls i*t sand and gravel which s(»panite beds of till in the vicinity 
of Berlin: (2) beds containing marine shells in like stnitigraphie 
|M>Hit ion at various lo<*alities in the northern part of (iermany; 
and (3) diatomaccH)us earths, likewi.se between beds of till. Most 
weight is attached to the fii-st line of evidence (p. S7). Dr. Wahn- 
schatfe recognizees the iM)ssibility that the diatomaceous earths 
might have accumulated near the edge of the ic(» in situations tcm- 
|K>nirily abandoned by it, during the retreating phase of an oscil- 
latory movement. Under these circumstances, the nc^xt advancing 
phase of the ice's oscillatory movement might Iniry the diatoma- 
c-eons earths liencath a new bed of till. In view of this i)ossibility 
Dr. Wahnfichaffe |x>ints out the fact that these diatomac(H)Us 
earths interlx^ded with till <lo not necessarilv indicate an inter- 
glacial epoch. Neither does our author n^gard the deposits of 
marine shells as conclusive. Manv of them are not known to be 
in the |X>8ltion in which they were deposited by the sea, and the 
various shell be<ls have not been correlated with each other with 
any degree of certainty. Thi^y appc^ar to belong to more than 
one horizon. Those marine shell beds which retain the position 



300 Tlte American GeoJogUt, May, iw« 

in which they were depositecl hy the sea, must mean a recession 
of the ice sufficient to allow the sea to occupy the area wliere they 
occur. But the question might V>e legitimatelj' raised wlietlier a re- 
cession of the ice no greater than these shell beds would necessitate, 
must necessarily be interpreted as proof of two glacial ei)ochs. 
Such recession, particularly if of short duration, might be looked 
upon as no more than a great oscillation of the edge of the ice. 
The vertebrate remains in the sand ami gravel lavers between ])eds 
of till in the vicinity of Berlin, would seem to us to have the same 
significance as the shell beds. •So far as these fossils indicat<^ a 
temperate climate, their significance as indicating a genial inter- 
glacial interval, is increased. Dr. Wahnschatf e does not give the 
species represented in these fossil beds, nor does he indicate the 
climatic conditions to which they testify. Hut if we lU'e riirhtly 
informed, they are fossils of species which do not indi(?ate a climate 
of great severity. The abundance of terrestrial mammalian re- 
mains in the gravel and sand separating beds of till in certain re- 
gions, is perhaps more significant than the abundance of marine 
shells in corresi)onding situations, since the mammalian remnins 
accumulate more slowly. 

The evidences of more than one ice epoch which are most strongly 
relicKl upon by glacialists in America, are not brought out in the 
treatise before us. It would seem either that the evidences do 
not'exist inCiermany. or that they have not been made use of. Tlit» 
author does not indicate that there are in (iermany (1) soils rest- 
ing upon till or any form of older drift, bnri(»d by later glacial 
formations, lie does not indicate that there are (2) l)eds of drift 
whose surfaces are much weathered and deeply oxidized, now buried 
by later drift deposits, whose surfaces are much less weathered 
and oxidized: nor does he. in this connection, emphasize (;>) the 
difference b<»tween the amount of sub-aerial erosion suffered by 
the surface overspread with the drift which is regarded as first 
glacial, as compared with that suffered by th(» surface oversprea<l 
with drift which is regarded as second glacial. In another con- 
nection, the fact is referred to that the lakes of (Jer^uany lie for 
the most part in and north of the Baltic ri<lge which ciT)sses Ger- 
many in a coui*se roughly concentric with the north (Jerman coast. 
This lake area lies wholly within the limits of the second glacia- 
tion, according to Dr. Wahnschaffes interpretation, but the^ 
abundance of lakes in the Baltic ridge and north of it, is not 
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citiHl as evidence of the greater youth of the surfiiee of this \\\- 
tj^ion. Nor does Dr. Wahnschatf e refer (4) to the iiion^ extensive 
ilminte^nitioQ of the Iwwlders of the drift in the southern [)art of 
Iierinan3',a8 compared with that of the Iwwldei-s in the northern. 
l>itferenees in the direction of the movement of tJie ice at ditfcr- 
enl times, as indicated by difTerences in the direction of stria?, and 
f»pecially as indicateil by the different regions from wJiicli material 
w:w 8ucx*es8ively transported to a given n^gi<»n, also constitute a 
valuable criterion when taken in connection with the [)oints above 
rotated. In his chapter on stria* Dr. Wahnschatfe niters to th(» 
phcnoni4ma which indic^ite different directions of ice movement. 
Hut in discussing the question of tw(» glacial epochs, these diver- 
gent movements are not made to support the theory of two ice- 
e|>oc*hs. 

Tht; foregoing are among the criteria which are especially relied 
ii|K>n ill America as proving a recurr(Mie(» of glaciation at widely 
hiefMirated intervals. We U^ieve they are much .saf(*r and more 
widely applicable criteria than those given in the volume l)efore 
us. My own study of the drift formations of (Jermany in 1S87 
ami 1H8H convinced me that the third and fourth points stated 
alK:*ve are as well illustrated in (lermanv as in America. In mv 
ju^lgment they jire of more significance as indicating :i long in- 
terval iK'tween the (h*iiosition of the earliest and latest glacial 
formations in Germanv. than all the fossil remains of whatever 
j*ort. which have vet Iwen described. 

J'yjttent of Si't'oud Ghivnitnni. As in America, the I'xtension 
i%t the ice in Uermau}', in the second e|)och. according to our 
author, was much less than in the first. The limits of the la.st 
ice ad vjuice however are still in doubt. if extended at least so 
Car as to cover the eastern part of Schleswig-IIolstein. Mecklen- 
burg, a large part of Bramh'nburg. Pommern and Kast and West 
Pnnissen. While some of the (Jerman <reoloirists would limit the 
second ice invasion in the w(»steni part of (lerniany to the lower 
course of the Kibe, Dr. Wahn.schatfe believes that there is sufli- 
cient evidence that it extended further south. He finds traces of 
the work of the ice sheet of the .second epoch in the vicinity of 
Magdeburg, lie also believes that the bowlder-bearing sand which 
Olivers the ^'Lniit*hnn/f r lln'th" southwest of the Kibe, is last 
glacial. The basis for this conclusion concerninj; the sand of the 
"Lttrti'fjni't/«:r lUith." is n<»t fully given. A single crossing of the 
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Heide in 1887 led me to the belief that the surface formation was 
not last glacial. But Dr. Wahnschijifre's conclusion doubtless 
rests on much fuller data than my own. 

Nomenclature. The classification and nomenclature employed 
in mapping the drift of north Germany is so different from that 
to which the American geologists are accustomed, that both the 
maps and the accompanying descriptions are liable to misinterpre- 
tation unless one is familiar, in advance, with the exact meaning 
which is attached to each particular term. Many of the terms in 
use are the same as those employed in America, but the signifi- 
cance attached to some of them is altogether different. Tn Amer- 
ica, for example, the term upper fill — a most unfortunate name 
— is generally undei*stood to mean englacial or superglacial till. 
In (lermany, the same term {oherer Gesrhiebemergel) has a very 
different signification, and to one not posted concerning the tech- 
nical meaning of the term, a most deceptive one. The term itself 
might suggest the till of the last glacial epoch as distinct from 
the till of greater age, but this is not its meaning, though no till 
is * 'upper" till {ohrrer Geschieheinergel) which is not of last glacial 
age. But not all of the till of the second glacial epoch is classed 
jis * 'upper" till. 

A mantle of Ix) wider-bearing sand frequently covers the till of 
the last glacial epoch. The same sand sometimes rests upon the 
older drift. Whether this super-till mantle covers second glacial 
till, or whether it rests upon the earlier drift where the later failed 
to be deposited or preserved, it is known as * 'upper bo wider- Vjear- 
ing sand" {ohmr Geschuhesand), or, briefly, as "upper sand" 
(oherer Smid). If I understand correctly the meaning of the 
terms, the bed of till immediately beneath the "upper sand" is 
classed as "upper till" (oherer Gejichiehemergel), if it be, or if it 
Vk» l>elieved to be, last glacial. The same bed or till, if not cov- 
ered by the mautle of "upper sand," is likewise "upper till." 
The "upper till" of any given locality is therefore the uppermost 
layer of second glacial till, which there exists. If there be sev- 
eral la3'ei*s of second glacial till separated by beds of sand or 
gravel, as is often tlie case, only the uppermost of these several 
beds is "upper till," while all the other layers of second glacial 
till are grouped with all the layei-s there may be of first glacial 
till, as "lower till" {nnterer Geschiehemergeh) 

Just as the uppermost layer of second glacial till in any place 
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constitutes **uppcr till'' ioherer Gischiehemergf/I)^ so the upper- 
most layer of sand, if it overlie the uppermost layer of second 
glacial till, or if it be the stratigraphic equivalent of that which 
overlies the uppermost layer of second glacial till, is ''Upper 
sand" {ol^erer Sand), All second glacial sands which lie Iwtweeii 
beds of second glacial till, or below the lowest of them, are classed 
with first glacial and inter-glacial sand, as ''lower sand" (untcrer 
Sand). The infelicity of this classification and nomenclature is 
alladed to by Dr. Wahnschaffe, although it has been found to be 
a classificatioQ which is serviceable in mapping. Interpretations 
have changed since the existing nomenclature was adopted, but 
the nomenclature has not changcnl to coiTeHi)()nd with th(» newer 
interpretations. 

The "upper Iwwlder- bearing sand" often immediately overlies 
a layer of bowlderless, stratified sand, whose proper stratigraphic 
position issaid to be beneath the ' 'upper till. " This stratified sand 
is not understood to be **upper sand." Because of this strati - 
graphic relationship, the Iwwlder-bi^aring sand at the surface is 
looked upon as the remnant of a layer of 'Hipper till" which has 
escaped removal at the hands of glaeio-nat^int and iK>st-glaeial 
waters, while the finer clayey parts of the till were carried away. 
In this case therefore the **upper .sand* is a remnant of the 
••upper tiir' and is really its eriuivalent. We do not understand 
that the uppermost bed of till, lying below '-upper sand," but 
tieparated from it by a bed of stratified sand, whose strati graphi- 
cal position is below the 'Mipper till, * would be classed as "upper 
till," even though it \ye the uppermost existing bed of second 
glacial till. The idea that the ''upper sand" is a residue of '-up- 
per till,*' formed as indicated, seems to be a prc^valent one. It is 
in this category that Dr. Wahnschaffe placets the I K)wlder- bearing 
sand which covers the '^Ltimhitrt/rr ////V/r. " As already indicated 
the reasons given for such reference (p. 1M») do not appear to nn* 
to l3e conclusive. Indeed none of the reasons a^^signed for be- 
lieving that the ice, in its second invasion, cros.sed the Kl))e in 
western Germany, seem to me to carry conviction. 

Dr. Wahnschaffe, as well as other (jlc^rman ghicialljsts, recog- 
nizes the fact that within the formations of second glacial age 
there may be, and in many cases are, several ))edsof till separated 
from each other by layers of sand and gravel. Wliile American 
glacialists are fully agree<l with Dr. Wahnschatre that several 



304 The Amei^leau Geologist, Mav, 1892 

l)e(l8 of till separated by layers of sand may arise within tbe 
period of one glaciation, we shall be likely to dissent from his 
implied (though not explicitly stated) conelnsion, that every ]>ed 
of sand interstratified with till, records a retreat of the ice, bar- 
ing the surface on which the sand accumulated, and that each bed 
of till overlying such bed of sand, records a re-advance of the 
ice. T am not authorized to speak for American glacialists in 
general, but 1 hold it altogether possible that the deposition of 
till may Ije succeeded by the deposition of stratified sand, and 
this again by till, beneath the marginal portion of the ice, inde- 
pendent of an}' change in the position of the ice's edge. If each 
of the several layers of till which may locally alternate with sand 
were continuous over wide areas, and if the intervening layers of 
sand were also continuous over wide areas, oscillations of the ice 
margin would seem to best explain the phenomena. Pr. Wahn- 
schaffe does not indicate whether or not this is the condition of 
things in CTermany. It would be a condition of things most diffi- 
cult of demonstration if true. From my acquaintance with the 
(rerman drift, 1 do not think it generally true, and I see no reason 
for assuming an oscillation of the ice's edge for each change from 
ice to water deposition, within the ]x)dy of the last glacial drift. 
It is not to be understood that the writer is arguing against oscil- 
lations of the ice's edge. Such oscillations, both seasonal and 
periodic, are believed to have occurred, and these oscillations may 
have given rise to many alternations of till and sand. But it is 
not deemed necessary to assume oscillations of the ices edge to 
explain all alternations of till and sand. 

TnpiKjmplii/ of the (jronnd moraine. Two distinct types of 
topography are represented by the ground moraine, according to 
the volume before us. In the one case the surface is plain or 
but slightly undulatory, and more or less dissected by valleysj 
some of which are dry. Within those areas of ground moraine 
where the topography is of the plainer type, there are occasional 
sharp sinks of limited size, sometimes occuring singly, and some- 
times in series. Many of these depressions have become the seat 
of ponds or bogs. Their existence is attributed to the action of 
water plunging down through crevasses from the surface of the 
ice, and wearing hollows in the land surface below. 

The second type of toiX)graphy which characterizes the ground 
moraine, as classified by the (Jerman geologists, is designated 
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••grr>nii<l moniiiic lan(}scu|)e" {(irumlmntrmvnhnuUvhaft)^ X\w most 
characteristic feature of whicli is its **rapi(l changes of level" 
within short distances. This topography is further descril>eil as 
follows: *>Hetweeo the numberless ridge- and mound-like eleva- 
tioiiH, which are altogether without order in their aiTangemeut, 
c* an e<iual number of depressions, giving to the surface ti broken 
aApiH.*t. The elevations ench)se countless roundish [wnds and 
marslies, largely fille<l with peat and swamp de|X)sits. ns well as 
larger and more or less irregular swamps and lakes. This abun- 
(lan<?e of lakes and marshes is sometimes '' '•' -^ * so great 
that upon the maps the till surfaces b(»tweon them appear almost 
sieve-like." (p. !)0.) 

Tlu» region where the typical 'Aground moraine landscape' is 
liest <*xhibite<l is stated to be along the Baltic ridge (p. iM)), with 
which this ty|>c of topography appeai-s in general to lx» intimateh' 
conn€5Cted. It would appear from Dr. WahnschatTes description 
<pp. l>7-8) that the constitution of the drift where this type of 
topography is developed is more sandy than is common to the 
<;round moraine in other regions. The elevations within this Bal- 
tic ridge are said to Ih» composed largely of sand and gravel over 
which there is fretpiently a layer of till. 

In discussing the origin of the depressions which nmrk the 
^•ground moraine landscjiix* " Dr. Wahnschatfe follows his usual 
plan of giving the opinions of other g(»ologists as well as his own. 
K. Geinitz would attribute them chieflv to the eddvini; action of 
waters during the time of the melting of tlu^ ice. Against this 
view Dr. AVahnschaffe argu(»s that the depressions were already 
in existence at the time of the deposition of th(» u[)perniost layer 
of till, since this lines them and mantles the adjacent elevations. 
He maintains tliat their origin is therefon* earlier in time than 
the melting of the last ice sheet. Ujion the toi)ography of the 
**ground moniine landscape" of the Tckermark, Dr. Wahnschatfe 
insists tliat the waters arising from the melting of the last ice- 
sheet hatl no considerable inthu^nce. In this view he is supported 
by Drs. Keilhack and Schrocder, and their position seems to be 
irrefragable. 

The origin of the toiM>graphy which has been designated 
^-groand moraine landscape" {GrundmonincuhnnL^rlutft) has been 
much discussed by those who have had to deal with it. Vaiious 
views concerning its production prevail. Among the factors 
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commonly believed Xo have contributed to its development, most 
of the German geologists appear to give a prominent place to ice- 
pressure, which is conceived to have bulged up drift material at 
the edge of the ice, producing hummocks and short, discontinuous 
folds. Dr. Keilhack places the development of the * Aground 
moraine landscape'*, topography under consideration, l)eneath the 
oscillating margin of the ice, at the time when this margin stood 
along the line of the Baltic ridge, during the last glaciation. He 
ascribes it to the unequal accumulations of drift beneath the mar- 
gin of the ice, and to the irregular bulging of the drift, effected 
by the pressure of the ice. Similar topography north of the Bal- 
tic ridge, is believed to have been produced in the same manner, 
at a later time, when the edge of the ice had receded to the posi- 
tion where such topography occurs. Schroeder is quoted as ad- 
vocating the view that the peculiar topography here described was 
developed beneath the ice during the time of its slow retreat (p. 98) ; 
but whether beneath the margin of the ice, or remote from it, or 
whether the peculiar topography is the result of unequal accumu- 
lation or of ice-pressure, is not indicated. 

Dr. Wahnschaffe believes that the * Aground moraine landscape' 
was developed beneath the ice during its advance in the later ice 
epoch, and that the topography thus developed was not materially 
altered during the final retreat of the ice over the same region 
(p. 100), although the ice edge remained stationary on the ridge 
for some considerable period during its retreat. It is to be borne 
in mind that the topography here described is best developed 
along the * 'Baltic ridge," which is in a general wa}' concentric 
with the shore of the Baltic. Dr. Wahnschaffe sees much sig- 
nificance in this position. He points out the fact that this sort 
of topography stands in a similar relation to great basins in vari- 
ous other parts of the world. In northern Italy, ridge- like beltn 
of drift with a similar topography, border the Italian lakes on the 
south. In the Bavarian Alps similar ridges of drift rise higher 
than the basins enclosed within them. More conspicuous exam- 
ples of the same relationship in America are referred to, where 
thickened belts of drift (our terminal moraines) exist, in a general 
way concentric with the Great Lakes of the interior. 

Dr. Wahnschaffe' s conception of the relation of the Baltic 
ridge to the Baltic sea, is something as follows: The ice starting 
from the Scandinavian mountains descended into the Baltic basin 
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and filled it. As it advanced to the southward, it rose from the 
basin of the Baltic onto the higher land to the south, carr^'ing 
with it much material which it had scooped out of the basin, and 
especially, much that it gathered from the southern slope of the 
same, during its ascent to the land l)eyond. As the ice pushed 
out upon the land with its great load of debris thus aec[uired, its 
velocity was diminished. Where the greatest retardation took 
place, there would be the most extensive accumulation of glacial 
debris (p. 102). The site of this retardation and consequent ex- 
tensive accumulation is marked, according to Dr. WahnschafTe, by 
the Baltic ridge, which indeed owes its existence largely to the 
accumulation of drift brought about in this way. The < Aground 
moraine landscape" is associated with the ridge, and is, according 
to Dr. Wahnschaffe, the result of this peculiar method of drift 
aocamulation, for where the drift accumulation was greatest, there 
would it be piled up in rough topographic forms. The author sees 
no insuperable difficulty in believing that this sort of toiJOgraphy, 
developed beneath the advancing ice sheet, could be subsequently 
overridden by the further advance of the ic(», without being de- 
stroyed. 

From Dr. Wahnschatfe's view concerning the origin of the 
''knob and basin" topography of the Baltic ridge, we are com- 
pelled to dissent. According to - his view the last ice sheet ad- 
vanced far beyond the Baltic ridge, at least iis far as Magdeburg. 
If this opinion l>e correct, the Baltic ridge must have been buried 
under a very gre-at depth of ic(\ The Baltic' ridge is a very c^on- 
spicuous ridge. In many places its topograph}^ is very rough — of 
the pronounced knob and basin type. To suppose that glacier 
ice buried and overrode such a ridge with such a topography to 
such a depth as must have been if the ioo advanced so far south 
as Magdeburg, is to attribute to the ice a degree of plasticity 
which we are not prepared to admit. It seems to the writer that 
Dr. Wahnschaffe's position practically denies to glacier ice much 
power of erosion, even when overriding to great depth the rough 
surface of a conspicuous ridge, composed of loose sand, gravel, 
and till, while it attributes to the same ice extraordinar}' power of 
erosion in passing thn)ugh the Hnltic basin, a little fui-ther north. 
The depth of the ice in the basin was of course greater than that 
of the ice which passed over thc^ I'idge, and in its erosive action 
in the basin it possessed whatever advantage conies from increa.sed 
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thickness. We are prepared to admit that the same thickness of 
glacier ice may effect verj' different amounts of erosion in different 
regions; but we are not prepared to admit that a rough ridge of 
loose materials, standing squareh' athwart the direction of ice 
movement, would constitute a belt where the erosion would be 
slight, if the ice passed over it in any considerable thickne^^s. 
Dr. Wahnschaffe does not deny eroding iK)wer to the ice. Against 
such a view the great body of drift which covers north Germany 
stands as an unimpeachable witness. But his conclusion con 
cerning the origin of the topography of the Baltic ridge seems to 
us to necessarily imply that the ice sheet which buried the ridge, 
and advanced many miles beyond it, was here essentially imi)0- 
tcnt, so far as erosion is concerned. 

From what has preceded it will Ix^ seen that the 'Aground mo- 
raine land.scape, " arranged as it is in a great belt stretching across 
(lermany, corresjionds with the terminal moraines of North Amer- 
ica. The constitution of the drift where this toiK)graphy prevails, 
confirms this correlation. This relationship Dr. Wahnschaffe 
recognizes (p. 101), but it is to be distinctly ix)rne in mind that 
the Baltic ridge, characterized by the toiK)graphy which marks 
the terminal moraines of the United States, is not regarded as a 
terminal moraine bv Dr. Wahnschaffe, or bv most of the other 
north German geologists. The view of professor Penck that the 
' 'moraine landscape' is the result of the intimate association of 
multiple terminal moraines {Endmoriine), is more nearly in accoixl 
with the American view. But the formation , to which the Ger- 
mans have commonly applied the name of terminal moraine 
{Enilm(n'("nif')^\^ regarded by most of them as something very dis- 
tinct from the Baltic ridge. 

If the topography and the constitution of the Jialtic ridge were 
not altogether conclusive in demonstrating its terminal morainic 
character, according to American classification, additional evi- 
dence might be found in the fact that it is bordered on the south 
by extensive plains of gravel and sand, corres|)onding to our over- 
wash plains (p. 107). The constitution of these plains corresponds 
exactly with that of plains in similar positions in our own country, 
being coarsest near the moraine and becoming finer and finer with 
increasing distance from it. 

The intimate relationship between the *' ground moraine land- 
scape " (equal the terminal moraine of the United States) and great 
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Ijasius is. so far as the United Static is coneenied. much less gen- 
eral than Dr. Wahnschaffc seems to imply. While it is true that 
our terminal moraines surround lakes Erie, Michigan and Superior, 
it is also true that similar moraines frwiuently stand in no definite 
relation to well defined basins. The moraine loop which runs down 
into central Iowa, is not associated with any well-defined basin. 
The moraine crossing New Jersey and eastern Pennsylvania is al- 
together independent of any biusin, and if such drift ridges are 
jfoi#ffr//me* developed independently of basins, they cannot be said 
to l>e dependent ujwn them. The (U»[)ressions were of course in- 
fluential in determining the course of ice movenuMit, and so in de- 
termining the position and form of the ices edge, and it is the 
uccnmnlation of drift made ])eneath the ice's edge while it was 
stationary or oscillating, which constitut(*s, according to American 
usage, the main part of the terminal moraine. 

The couci'tption of American gtK)logists concerning the origin 
of the terminal moraines (*• ground moraine landscape ' ), is not 
verj' different from the view of Dr. Keilhack concerning the origin 
of the Baltic ridge. Tt is l>elieved that beneath various parts of 
the ices etlge. varying amounts of glacial d(»bris accumulated dur- 
ing any given i)eriod of time. This in itself, would giv(» ris<» to a 
>iubmarginal ridge of unequal higlit and width, whcrev(»r the edge 
of the ice remained constant in position for any considerable 
period. Every minor retreat of the ice may havci)een accompanied 
by changes in the details of the form of its edge, and as tin* mar- 
gin of the ice changed l)oth in position and in form, new accumu- 
lations of drift would be made bentnith it, comparable to the first. 
When the ice re-ad vance<l, never so little, its form might be again 
changefl, and the submarginal accumulations would be made in a 
new |>osition and in a new form. Thus it is conceived that by re- 
peated retreats and advances within narrow limits, and by repeatcnl 
alterations in the form of the ice-margin with or without general 
oscillations, the terminal moraine material was accumulated. The 
first condition for the developnuMit of a t(-rminal nioraint* there- 
fore, is a stati<marv ic(^ marsrin, or a margin which oscillates 
lisickward and forward within narrow limits, while the det^iils of its 
form are continually changing. The extent of these oscillations 
will lie one of the considerations determining the width of the mo- 
rainicbelt. The waters issuing fi*om the ^xX^i.^ of the ice, which was 
always melting, often worked considerable changes upon the ma- 
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terial deposited by the ice directly, eliaaging both its tojjography 
and its constitution. Our terminal moraines are therefore looked 
upon as accumulations of drift, made beneath the oscillating but 
nearly constant edge of an ice sheet, more or less modified by glacio- 
natant waters. The irregularities of topography are regarded as- 
largely the result of unequal accumulation. Horizontal and ver- 
tical ice-pressure, as well the vigorous action of ice- water, con- 
tributed to the development of the rough terminal morainic 
topography. This seems to l>e similar to the view of Dr. Keilhack,. 
except that he would assign to ice pressure, a more important role. 
Endmorduv. The formation which has received the name of 
terminal moraine {Endmorihu) in Germany, is a narrow, wall- 
like ridge, or a series of steep mounds arranged in linear 
order. Its width for one region is stated to range from 100 to- 
400 metiers. For the same region its average hight is said to ]>e 
from five to Urn meters, though it is occasionally considerably 
more. The slopes of the ridge, or of the more or less separated 
hills, have an angle of 30^ to 40°. In some regions there are two* 
of these terminal moraines, the one lying several miles within the 
other. These narrow ridges or series of mounds are made \\\y 
laq5ely of bowlders. Their constitution and form have given 
them the name of '^bowlder walls" {GtsrhieheicdUe). In som(»- 
cases, the finer material, sand, till, etc., seems to hardly more than 
occupy the interstices between the bowlders. In other places,, 
sand and till are more imiK)rtant constituents. They sometimes 
occur within the ])ody of the moraine {Emlmorihw)^ interbedded 
with those portions which consist essentially of bowlders. Im 
some cases, till mantles the ''bowlder wall.'' In other places the- 
terminal moraine {End mora nt) is corajjosed essentially of strati- 
fied sand and gravel (p. 1 1 3), upon the surface of which only art*- 
abundant large bowlders. The course of this ** bowlder wall " is 
somewhat irregular, (generally speaking, it is made up of ii 
series of curves concave toward the direction from which the ice- 
came. Locally, the sharp ridge may grade into a bowlder belt by 
widening, though it is expressly stated that not all the bowlder 
belts of north German}- are to be regarded as the equivalents of 
this terminal moraine. In many regions this terminal moraine, or 
''bowlder wall," has not so great altitude as the "ground moraine 
landscape" with which it is closely associated. It courses over 
the surface of the greater Baltic ridge without much regard to the 
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topography of the latter, and while it is locally a veiy conspicu- 
ous feature because of its sharp detinitiou and vail -I ike character, 
it Ih quantitatively rather insignificant compared with the great 
riclge characterized by the * aground moraine hmdscape." The 
-*ground moraine landscape*' topography is generally best de- 
veloped immediately within this terminal moraine {Emlmoranc). 
Outside the same, there are extensive areas of sand and gravel 
^overwash plains), whose surfaces show little relief. 

This diminutive ridge, to which, and to which only, the name 
xerminal moraine is applied by the north German geologists, has 
no exact counterpart, so far as I know, ^n the United States. It 
is explained by supposing that the ice, in its retreat northward 
remained stationary for a somewhat pi*otracted period in the posi- 
tion which the little ridge now occupies. It is believed to have 
been constructed out of ground moraine material, from which the 
finer parts were removed by the waters arising from the melting 
of the ice. The interlurdings of till and stratified sand are ex- 
plained by supposing oscillations of the ice margin. WIkmi the 
ice overrode the incipient ridge, it is siip[)osed to hnve left a 
record of its transgression in a l)e<l of till. When th(^ ice re- 
treated, discovering the growing l)owlder wall, this retreat is sup- 
posed to be recorded in the beds of stratified sand and gravel 
which sometimes occur iKitween the coarser materials of the 
moraine. This terminal moraine {Enifmorane) has not been trttce<l 
throughout its whole extent. It has been traced for considerable 
distances in the region north of Berlin, and is known at various 
lK>int8 east and west of that region. By Dr. Wahnscliatf(» it i-^ 
notregardedas marking the limit of ice advance in the last glacial 
«poch. So far as I am aware, it is not known except in connec- 
tion with the * Aground moraine huulscape" topography, though 
the universality of this relationship is not indicated by our author. 
Bowlder Belts. The Iwwlder belts into which thedernian term- 
inal moraine sometimes passes are identical in character with the 
bowlder belts of the United States. The American bowlder belts 
are believed to be accumulations of bowlders which were carried 
forward within the bodv of the ice (considerablv al>ove its base). 
and to have arrived at the surface of the ice before tliev n^acluHl 
its terminus, because of surface ablation. Transferred thus from 
an englacial to a superglacial position, they were carried forward 
npon the surface of the ice to its edge, and there "dnniped'* niK»n 
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the surface of the land.* Had the edge of tlie ice been constant 
in position for a long period of time, it is believed that these 
bowlders would have accumulated in the form of a ridge, or 
^•lx)wlder wall." That they are so spread out as to constitute a 
lK)wlder belt, instead of a ''l)owlder wall," is thought to be evi- 
dence that the margin of the ice was not constant in position. 

1 was fortunate enough to visit the terminal moraine of the 
Germans, in the localities which are described as typical, with 
Drs. Bchrendt and WahnschafTe in the summer of 18SS. From 
the disposition and the form of the ridge under consideration. I 
was led to believe, that, like our own bowlder belts, it was largely 
composed of materials which had become superglacial before 
reaching the margin of the ice, and that the )>owlder wall consti- 
tutes a good example of a '^dump" moraine. Dr. Wahnschatfe 
urges that the ice sheet could have no superglacial material (p. 
KH). But it is believed to be possible that material might have 
been received far up into the l)ody of the ice in the coui-se of its 
passage over tlu» mountainous lands to the north, and that by 
surface ablation this englacial nuiterial arrive<l at the upper sur- 
face of the ice sometime )>efore it reached the limit of its south- 
w^ard journey. Tender these circumstances, such sui)erglacial ma- 
terial might possess many of the characteristics of the ground 
moraine material. It would have been su Injected to much more 
wear than would the material carried from the outset upon the 
surface of the ice. 

My conception of the correlation of the (Jernian terminal mo- 
raine {E)idni(n'ihH'), and the "ground moraine landscai)e" {Gnnul- 
iiKtmnnthnifhr/ia/f), with the drift formations of the United States 
is this: The Baltic ridge, characterized ))y the 'ground moraine 
landscape' or 'knob and basin" topography, constitutes a licit or 
'tangle' of terminal moraines, accumulat(Hl beneath the oscillat- 
ing margin of the ice, when and where it was for a long time 
nearlv stationarv. This varietv of terminal moraine has been 
designated 'submarginal." The (jerman terminal moraine 
{EmlinoriiiH). resting upon this great submarginal terminal mo- 
raine, is a '(lump' moraine, accumulated during some minor in- 
terval of the time occupied in the accumulation of the greater 
moraine, when thelce edge was more constant than at other times. 

♦Chainberlin, Bulletin of the Geoloij:ical Society of America, Vol. u 
p. 28, 1800. 
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dumping its surface material along a tolerably definite line. 
Whore the line of dump was inconstant, the line widened to a belt. 
and here the -^dump" moraine became a bowlder belt, which is 
but a variety of a ''dump'' moraine. That this 'dump* moraine 
is to lie distinguished from the greater lj<»lt with which it is asso- 
eiatetl is evident. The Germans have chosen to apply the name 
terminal moraine to this wall -like ridgt* alone. What corresponds 
to our main terminal (submarginal) moraine, they have designated 
ground moniine {(irinnhiion'hunlainhvhaft), because it was accum- 
iihiteil beneath the ice. We have chosen to designate both the 
formation corr(»sponding to their '-ground moraine* landscape, ' 
and the bowlder belts associated, terminal moraines, be(»aus(» they 
were accumulated at the terminus of the icn*. We have separated 
the two types, as distinct varieties of the general species, terminal 

moraine. 

Si> far as I am able to ascertain from Dr. Wahnschatfes volume, 

lie regards the German t(u*minal moraine a.s accumulated beneath 
the ice and com[x>sed of ground moraine material. It is therefore 
not easy to see why tin* term Endiunnint is more applicable to it. 
than to the Baltic ridge, if this latter were fashioned as Dr. Keil- 
liack believes, beneath the margin of the ice. According to J)r. 
Wahnschatfe's view of its development, the designation terminal 
moniine would ]h» inappropriate, since in^ does not believe it to 
have Ihhmi made beneath the nnirgin of the ice. Neither the Hal- 
tic ridjje nor the Entlntfuihtr mark the limit of ice advance in 
Germany in the second (Jlacial epoch, according to our author. 
In this re8[)ect the phenomena of (iermany correspond with tliosi* 
of our own countrv. where the larger terminal moraines do not uen- 
unilly mark the limit of ice advance, subsetiuent to the first glacial 
e|xK*h. My own conclusion concerning the relation between the 
limit of the later advances of the ice. and the main terminal 
moniine. was the same as that of Ih*. Wahnscliatfe. ■ 

Ktnn<»{.^) Associated with the terminal moraifie. there are. in 
various places, hills and sharp ridges of strntilieil san<l and gravel 
{lhn'chnujinujn7:i}tjt)^ partially, or sometimes wholly covered with 
upper till. These elevations are sometimes arranged in linear 
onler. but thev do not alwavs sustain this relationship to each 
other. Thev mav be more or less isolated, or niav be .so dispose<l 
as to form a belt. The lavers of the sand and gravel const itutinir 
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the main part of these elevations very generally dip from the 
center outward. Where the elevations are elongate, the axis 
from which the layers dip is the same as the axis of the ridges. 
The surface of these hills and ridges is often marke<l by an abun- 
dance of large bowlders. The mantling till, where it exists, is 
continuous with the till which constitutes the surface of the 
**ground moraine landscape'' belt, in the immediate neighborhood. 
The association of these ridges and hills with the terminal moraine 
(Endmorane)^ has led Schroeder to the belief that they are closely 
associated with the latter in origin (p. 110), as well as in position. 
Their form is ascribed neither to erosion, nor to accumulation. 
They are regarded as swells or folds pressed up by the ice at its 
l)order, during a period when the edge of the ice was nearly con- 
stant in position. Hecause of the ))eculiar sort of disturbance 
which the stratification of these elevations has sometimes suffered, 
Dr. Wahnschaffe's inference seems justified, that lateral thrust by 
the ice must also have played some [)art in their origin. Wahn- 
schaffe appears to agree with Schroeder that these hills and ridges 
were essentially contemj)oraneous in origin with the terminal mo- 
raine {EudmorffMc). From the description before us. it is not 
clear that the}- do not constitute an element of the 'Aground mo 
raine landscape.'' It will be seen that Wahnsclmtfe and Schroed- 
er's view concerning the time and method of origin of these sand 
and gravel hills, corresponds somewhat closely with Dr. Keil- 
hack's view concerning the time and the method of origin of the 
elevations and depressions of the region designated • -ground 
moraine landscape. " We have already seen that Dr. Wahn- 
schaffe's view of the origin of the ''ground moraine landscape. * 
is different. But we believe that Dr. Keilhack's explanation of the 
^'ground moraine landscape" is more nearh' correct, and that it is 
in [)erfect harmony with WahnschatTe and Schroeder's view con- 
cerning the origin of the sand and gravel hills and ridges asso- 
ciated with the terminal moraine {Endmnnhie)^ and with the 
^'ground moraine landscape. " Dr. WahnschatTe indicates the 
close tissociation of the one class of drift hills with the other, but 
unfortunately he does not state whether the sand and gravel hills 
are more eommonl}- associated with the outer or with the inner 
l>order of the * 'ground moraine landscape. *" Tie would seem to 
imply that the association of the German terminal moraine (End- 
monfnc) with the hills here noted, is verv close: but since he does 



not indicate whether the Endmo/uhte i.s more eoiimioiilv foiiinl on 
the outer or on the inner face of tlio ••<2;r<)un(l moniinc Ijuul- 
scape" l)elt, this relationship between, the '•'■EmtmnmHi" juid the 
•'DnrchrayunyKzngir does not serve to indicate the rehition be- 
tween the hitter and the ^^(wnuulmonnienhnnhduift/^ 

We believe tliat the three sets of phenomena, the '-jTround 
moraine landscape*' (— our terminal moraine), the (lerman term- 
iual moraine (= a ^'dump' moraine), and the hills and ridjres of 
J2jravel and8and(Z>/frc/i/-ay/r/»yx.://r//; mnl A7///t^?), are closely associated 
in time of origin. AVe believe that tlu\v all represent marginal 
ac^^umulations, and that to^jether they constitute what is known in 
America as a l>clt of terminal moraines. The jrravel and sand 
liills and ridges, with occasional Ijowlders bi'low tlu^ surface, and 
abundant ones uixjn it, we regard as kames, and believe that they 
corresix)nd to the kames so commonly associated with the termi- 
nal moraines in America. Locally su<^h kanies make up a hirt^e 
part of our terminal moraine accumuhitions. This correlation is 
IklswI in part U|>on Dr. Wahnschatfe's description, and partly upon 
my own obser\'ation8. If this interpretation be correct, the termi- 
nal moraine {Eiuhuonhnf) of the (Jermans. and the accuniulatious 
liere reganled as kames, should be more commonly associattMl 
with the outer face of the belt atfected by the '-j^roun*! moraint^ 
landscape" topography than with the inner. Ibit kaini's arc not 
confined to such positions. Locally they are almndant and well 
developed on the inner face of the terminal moraine brlt. and 
U*ss commonly at points remote from it. (Jt»init/. has rc;rard(Ml 
the sand and gravel hills as Asar and kam(>s. (p. ll.'>) but this 
view does not stHim to approve itself to l)r. Wahnschatre. 

There are a few ridges of stratified material not stated to 1m* 
closeh' associated with the Baltic rid»r«*. which would appear to be 
«>sars. One such is mentioned bv l)r. Walinsehatfe at Lubasch in 
Posen. Others of similar form are excluded from the class osms, 
apparently on the ground that they are covered by till, while 
typical osars have not their crests covenMl l»y till. th<ni^h their 
flanks may bt*. We <lo not »ret the impression from the refer- 
ences to kames and osars (asar) that discriminations betwe(Mi them 
have iKfen carried to the same extent in (iermanv as in Anieiicn. 
Kut the distinction between kames and osars has onlv recent I v 

• ft 

c<mie to 1k» generally recotrnize<l here. 

The discussion concernin«r the position of the -old" valley >. and 
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their relations to the courses of the present streams, is an interest- 
ing study in river drainage. Tiie valleys of the *»old" streams 
have been filled to considerable depths with sand, emanating from 
the glacier formations. In some places, and for considerable 
stretches, these *'old" valleys are now dr}'. In other places they 
are occupied by inconsiderable streams. It would be a matter of 
great interest to know whether the **old" valleys are pre-glacial, 
or whether they are interglacial in origin. We infer that their 
sand filling is regarded as last glacial (p. 128). If it could be 
shown that the excavation of the '*old'' valleys was interglacial, 
or that any considerable part of their excavation was interglacial, 
such demonstration would ])e a convincing proof of a long inter- 
glacial epoch. 

LofKg. On the southern border of the north German lowland 
there is a narrow belt of countrv covered with loess, althougch the 
loess is not confined to that portion of Germany which is properl}* 
designated * 'lowland.' It reaches to the southward so far as to 
cover the lower portions of the southern upland. The loess is 
well developed in the northern part of Saxony and in the vicinity 
of llalle and Magdeburg. The tojjography of the loess-covered 
country is gently undulatory. A large number of the German 
geologists who have studied the loess appear to have adopted the 
leolian lu'pothesis. Dr. Wahnschaffe, on the other hand, believes 
the loess to have been deposited by water, and by water which 
arose chiefiy from the melting of the ice in the Inst glacial rpovh. 
He conceives the water which dejwsited the loess to have accum- 
ulated in a numbiM* of more or less connected basins. Iving be- 
tween the ice on the north, and the higlilands l^yond the ice on 
the south. The waters thus confineil between ice and upland had 
an outlet, so it is believed, toward the northwest; but it is held 
that the movement of the water was so gentle that it was able to 
carrv awav onlv the finest clavev material, while the materials of 
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silt-grade of coarseness were deix)sited in the area covered l)y the 
water, and constitute the loess. The northward drainage from 
the highlands on the south, and the southward drainage from the 
ice on the north, both contributed to the formation. The altitude 
of the loess is stated to l)e al)OUt 282 feet in Saxony, while it rises 
to the hight of 600 feet in the Ilarz mountains. 

The chief reasons (pioted from its advocates in support of the 
jcolian hypothesis, are the presence of fossils of land animals. 
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Dr. Wahnschaffe does not give specifically the reasons for liis lie- 
lief in the aqueous origin of the loess, though he devotes some 
8paee to a consideration to the arguments of those who t)elieve 
that it was deposited by the wind. We think that Dr. Wahn- 
schafTe's arguments against the leolian hypothesis have mucli 
force. After a brief examination of the loess in several points 
in the vicinity of Magdeburg, in company with Dr. Wahnsehalfe, 
1 wa*i convinced that his view concerning the origin of the loi^ss 
was the right one for that region. 1 have no data for an opinion 
concerning the time of the origin of the (lerman loess. If it be- 
long to the time of the last glaciation, it doe^ not correspond in 
point of time of origin with the great body of the loess in thi» 
T'nited States; Imt that is no reason for believing that Dr. Wahn- 
schaffe's interpretation is not right. It is believed that the loess 
in the United States originated at different times. 1 am inclined 
to think that some of it ma}' have originated in connection with 
the last glacial epoch, and I know no reiuson why that may not 
luive been the time of the chief accumulation of the loess in 
German v. 

The. Laket. The relationship between the distribution of lakes 
and the extension of the ice sheet is the same in (lermany as in 
the United States. The lakes are chiellv confined to the area 
which suffered glaciation, and to the area which suffered glacia- 
tion the second time. But * it is to be observed that th(^v do not 
have a general distribution over the whole of the area which the 
last ice sheet invtuied, as Dr. Wahnschaffe would define that area. 
Southwest of the Kibe, for instance, lakes an^ almost whollv 
wanting. This fact is in itself an evidence, though alone not a 
conclusive evidence, that this region was not glaciated in the last 
epoch. Tt is to be remembered that not all (ternian glaeialists 
are agreed that this region (the LuiHhHrgtr llvUh) was eov(»red by 
lee in the last ice e[X)ch. The absence of lakes supports the neg- 
ative. Lakes are most abundant along the IJaltic ridge, where 
the »*ground moraine landscape" is best developed, just as they 
are most abundant in our country, along the courses of the termi- 
nal moraine. The}' are not infre(iuent north of this ridge, aiul in 
some parts of Germany they cannot be said to be rare south of it. 
The question as to the origin of the lakes which lie within the 
drift-covered territorv of (Jernianv. is cme concerninji; which there 
has l)een much discussion and much difference of opinion. Inter- 
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estiiig as the history of opinion on this point is, wc shall content 
onrselves at this time with mentioning only Dr. Wahnsehatfes 
views. Be it remarked, however, that it has always s(»eme(l to 
the writer that much of the discussion concerning the origin of 
the German lakes, masked a broader question, which enibractni 
the narrower one discussed. Enclosed depressions are one of the 
conspicuous features of the * 'ground moraine landscape. ' Many 
of these depressions do not become lakes because of pervious lx)t- 
toms. But the dry ''kettles' are just as significant as tho.se filled 
with water. The depressions are associated with hills and ridges 
which constitute the second conspicuous feature of our terminal 
morainic topography. The association of these two features is 
such as to make it necessary to suppose that the explanation of 
the one must take account of the other ; that the processes which 
called forth the one, were responsil)le also for the other. The (pies- 
tion at issue, therefore, is not the origin of the lake basins, but 
the origin of the hills and basins ( whether occupied by water or 
not), that is, the origin of the "ground moraine landscape ' (our 
terminal moraine) topography. This is not so much a criticism 
of Br. WahnschafTe's discussion as a comment upon some of the 
discussions which have preceded this volume, and which are cite<l 
in it. 

Dr. AVahnschatfe recognizes several chisses of lakes. One class 
is designated the "ground moraine \sikeH'' {(jrrHnilntorifnmsrrtH). 
It is to this class of lakes to which the foregoing comment is rele- 
vant, and Dr. WahnschatTe does not regard their origin as a ques- 
tion distinct from the origin of the topography of the Baltic. He 
wouhl therefore make the origin of these basins contemporaneous 
with the origin of the topography with which they are associat(»d. 
A second class of lakes are associated with the Emhnorihie, and 
occupy depressions, of which this ridge constitutes one of the 
bounding walls. Tliey are basins formed by morainic dams. A 
third class of lake basins are attributed to the eroding action of 
the watei*s arising from the melting of the ice, either as they 
plunged through crevasses, excavating small circular hollows 
below, or as they flowed through their suli-glacial or extra-glacial 
courses. Many of the lakes which are connected with each 
other as beads on a string, are referred to such an origin. Still 
other lakes, few in number and small in size, mav be the result 
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of underground solution. 
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I**fjti Glacial Changes. Not the least valuables chapter of the 
book is the discussion of the surface changes which the German 
territory has undergone in {KJstghicial time. Certain criteria, 
which have at one time and anotlier been use<l as evidence of 
change of level, are discussed and their errors clearly pointed out. 
Evidenct* of great changes of level in post-glacial time is not 
found in the coast region. The topographic distribution of the 
loess in southern Germanv, so far as its altitude in different 
regions is given, would niise the (juestion whether there may not 
luive1>een considerable surface warping in that region. 

Although I have dissented from some of Dr. Wahnschatfe's con- 
eliisicms. some of these differences are more a[)parent than real, 
Ijecause of the diverse use of terms. Others are more funda- 
mental. To accomplish the pur|>ose for which this paper is 
written, it has been necessary to emphasize the points wherein 
American and German views differ most widely, passing over in 
silence many of the more numerous points of agreement. 13ut 
the lK>ok is tliroughout suggestive, and on the whole a most satis- 
factory compendium of present knowledge concerning the glacial 
formations of German v. 



GAS WELLS NEAR LETTS, IOWA. 

By Prop. F. M. Witter, Musciitino, Iowa. 

In the early part i<jf December. 1S!)0, Mr. T. L. Kstle, living in 
Se<;tion 3, Township 75 X. llange 4 W. ."itli Principal Meridian, 
snnk a well on his farm for water. In drift at a depth of about 
100 feet he struck gas which burned readily, but in two or 
thn»e days the gas ceased to flow. Hetweeii 40 an<l SO rods 
wt»st of this place alK)ut the same time Mr. K. M. Lee bored for 
water. At about KMI feet lie failed to get water and stopped 
Ix^ring. 

In the evening hecom4nenceilt<) pull out his easing, and succeeded 
hi niising it perhap.s 8 or 10 feel. During the night a great roar- 
ing was hc^rd, and on approaching tiie well with a lantern the gas 
took fin* and a great fla^ne shot sevtnal feet into the air with a 
frightful noise. In a few days the flanie was extingnislied, and 
the gas piped into Mr. lice's house, a few rods away, when* for 
over a year it has furnisheil him light ami fuel. 
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This well now furnishes Messrs. R. M. Lee, T. J. Estle, J. E. 
Lee and Robert Lee with all their fuel and light. Mr. Robt. Lee 
is a little over one mile from the well. 

It is carried in common gas pipe laid on the top of the ground. 
The pipe is 2 in., 1^ in., and the last half mile 1 in. in diameter. 

This well supplies 12 fires and 16 lights. 

Xo estimate has been made as to how many more it might sup- 
ply, but the number would certainly be quite large. 

Mr. J. E. Lee stated that the opening admitting the ga.s from 
the casing of the well to the main was considerabh' less than the 
size of an ordinary lead pencil, and that it flowed a half mile in 
the main in 14 seconds. How this rate was satisfactorily ascer- 
tained we did not learn. 

The same gentleman said the pressure at first was al)Out 5i 
pounds, which has steadily risen till it is now 12 pounds. From 
a large stream issuing in our faces we could detect a faint odor 
resembling ether or chloroform. It gives a fine stejidy light and 
most intense heat in the stoves and artistic grates. It seems in 
all respects to be equal to or superior to the best artificial illum- 
inating gas. The gas is used just as it is when it issues fi*om 
the well. 

Within a circle of about three miles in diameter in the town- 
ships named al)ove, from at least seven wells sunk for water, gas 
issued. The depth to the gas ranges from about 90 ft. to 125 ft. 
At a depth from G to 25 feet below the gas a good, constant sup- 
ply of water is obtained. It seems to be very easy to shut off the 
gas by the rapid sinking of the casing in a sort of blue clay with 
some sand, in which the gas is thought to be stored. The clay 
seems to form a tube as the drill and casing descend, and this 
prevents the gas from getting into the well, unless it is given a 
little time at the right place. The country for miles around 
is full of wells, which are all believed to be sunk to the water 
below the gas, without discovering the gas for reasons given 
above. 

I made the following tests on the water from l)elow the gas. 
With potassium ferrocyanide I observed no reaction. On eva^X)- 
rating perhaps 50 cc, a considerable amount of solid matter was 
obtained. This was of a somewhat yellowish brown color, and 
effervesced readily with hydric chloride. This solution when 
tested with potassium ferrocyanide gives a deep blue. I was led 



(wttH IFW/jK yt^ar Lettif^ lotm. — Witf«'i\ 321 

• 
to believe from these tests that the water contained u carl>onate 
and some compound containing iron in sohition. 

At a depth of 18 or 20 feet, water has genenilly l>een found in 
this locality, but the supply is variai)le. Mr. Kobt. Lee lias a 
well which he dug several years ago, the water of which was ex- 
cellent and in good quantity. This well is al)out 11^ feet det^p and 
carefully walled. Last summer he 1>ore<l for water al)out loo feet 
from this well. At a depth of a little more than lOo feet he 
found a little gas issuing at irregular intervals. Imme<liately 
after the appearance of the gas the water in the nlmllow well 
became muddy and unfit for use, and has reniaincMl so, though 
the water seems to l)e much worse at times, which are irreg- 
ular. 

It seems tome that the gas rises outside of the easing to tlie 
porous bed holding the water of the shallow well, and passes 
through this to the well and injures the water. 

The country in which these wells are lo<*ated is c*oni[mratively 
level. Indications are at hand everywhere of a lM>ggy or i>eaty 
nature. There are but few low hills and no ravines of anv note. 
The soil Is a rich black loam, and the whole region is said to be 
destitute of the boulders so common in many i)arts of Iowa, and 
especially of Muscatine county. Mr. J. K. Lee stated that wells 
in this region had been sunk 280 feet, and no rock had been 
reached. 

The well in Muscatine county from which gas is used is 
on the farm of Mr. Jno. Idle, in Section >$."), Township 7(1, Knnge 
4 W. 

The farmers in the neighborhood of these gas wells are \\\\o\\i 
to complete an arrangement to put down a well 2,(HM» to 
2,500 feet deep. This is to <let<»rmine whether there is oil Ijeiow 
the gas. 

It is my own impression that the gas comes from considerable 
lieda of vegetable matter Iniried in this unusuallv heaw <lrift de- 
posit in this region. The area, it stH»ms to uie, which is thus un- 
derlaid, is 6 or 8 miles long, and perhaps :> or 4 niilivs wide. 

I should expect to find \\w. rocks here directly below the tlrift 
to be of the Devonian age. 

This locality is on the imst side of the (V^dar river. Tiic near- 
est well to the Cedar is almut two miles distant. No gas hus yet 
been found on the west of the (Unlar. 
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CLIMATIC CHANGES INDICATED BY THE GLA- 
CIERS OF NORTH AMERICA. 

Ry ItfKAEL C. Ru8HBLi.f Wasiiinjfton, D. C. 

Prof. Dufoiir has shown that the existing glaciers of Europe 
and Asia are retreating.* This is proof of a marked climatic 
change over a great area, within the last one or two decades, and 
renders it imjjortant to know if evidence of a similar change is 
furnished by the glaciers of other regions. Should it l)e. found 
that glaciers on other continents are also retreating, it would not 
only be an interesting contribution to physical geography, but 
have an important l)earing on the study of the causes of the 
filacial Kpoch. 

The data presented in this paper in reference to recent changes 
in the glaciers of North America, have been assembled in resj)onse 
to a letter addressed to the Director of the V. S. Geological Sur- 
vey by Prof. Dufour, and is here published with the hope that it may 
lead to the accumulation of additional data in the same connection. 

Distribution 'of Exist iny Glaciers in North America. 

Glaciers may be arranged, provisionally at least, in three 
cbisses, viz: — alpine, piedmont and continental. It is also con- 
venient to designate those which enter the ocean and break off in 
bergs, as tide water glaciers. Examples of each of these types 
occur in Xorth America. 

The glaciers of North America are confined to the Cordilleran 
svstem and to -the Greenland region. Small ice iKKlies are known 
to exist on the higher volcanic peaks in Mexico, but of these we 
have onlv indefinite information. Their southern limit in the 
United States is in the High Sierra of California, in about latitude 
'M° N. The ice lK)dies in that region are small but have the 
essential features of the largest alpine glaciers. They are con- 
fine<l to cinpies near tlie mountain summits and do not descend 
Inflow a horizon 12,000 to 13,000 feet above the sea. In 
northern California, Oregon, and Washington, glaciers become 
more numerous, of greater extent, and extend to lower hori- 
zons than in the High Sierra. They occur alM>ut the summits 
of 3It, Shasta, Mt, Kainer, Mt. Baker, and several other peaks 
in tiu» (.^iscade mountains, which have an altitude exceeding 
10.000 or 11,000 feet. In the Rocky mount^iins they begin 
at the south, with snow Inxlies in Colorado, which by some 
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:iin* considered tis tnie glaciers, and increase in num]»er and 
t'Xtent towanls the north. In the Cordillera Hvsteni in Canada, 
trlaeiers are nninerouH, but have l>een explored to only a lim- 
itetl extent. Those bc»Ht known are in tiie Selkirk mountains 
iind on the Stikine river. Farther north in the same great mount- 
-ain belt, many glaciers are khown to exist, and in Alaska they 
reach their greatest develo[)ment. As one follows the glacial l)elt 
northward the lower limit of per[K»tual snow descends lower and 
lower, until finally at the base of Mt. St. Klias its elevation is 
only about 2.5U0 feet al)ove the sea. The glaciers extend below 
the snow line and reach sea level near the mouth of the Stikine 
river in about latitude 57^. From there northwestward to Cook's 
inlet there are hundreds, if not thousands, of magnificent ice 
streams which descend nearlv to the ocean level, and scores which 
enter the ocean and breaking otf form bergs. Local glaciers 
olnstcring about high peaks, occur on the Alaskan peninsula and 
the Aleutian islands. This great glacier belt is approximately 
3,OO0 miles long. The most thoroughly snow and ice covered 
portion is in the region about Mt. St. Klias, where not less than 
30.000 square miles of exceedingly mountainous country is com- 
pletely Imried l>eneath a vast ncvc field which is drained by 
glaciei's of the alpine type flowing both north and south. Those 
flowing south are the more important. On gaining the flat lands 
between the base of the mountains and the sea. they expand and 
form Pie<lmont glaciers. Of these, the Malaspina glacier, having 
an area of aljout 1,500 sriuare miles, is the best known example. 
An interesting fact in connection with the distribution of glaciers 
on the west coast of North America is that their north(»rn limit is 
less than one hundred miles north of Mt. St. Klias. Mountains 
in cent ml and northern Alaska having an elevation of 4,000 or 
5,000 feet are without snow during the summer and no glaciers 
exist U|X>n them. As is now known this region was not glaciated 
during the Glacial KjxM'h. 

On the east side of North America existing glaciers are con- 
fined to Grt»enland and to neighboring islands. The ice sheet cov- 
ering Greenland is of the continental type and. as is well known. 
is the largest exi.sting ice body in the northern hemisphere. The 
glaciers on the islands west of Greenland are of the alpine type, 
and many of them are known to be of great size, but their ex- 
ploration is far from comi)lete. 
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Are the Glaciers of North America Advancing or Retreat i mj ^ 

The glaciers of this continent liave been known for so short a- 
time that only small portions of their histories have been read. 
Their study is comprised almost entirely within the past decade 
and has been carried on in such a desultory way that for the most 
part only qualitative evidence as to their advance or retreat is 
available. 

Cfiaracter of the Eviiiettce: Kvidence of the advance or retreat 
of the ends of alpine glaciers, or of the lx)rders of piedmont 
and continental glaciers, may be obtained in various ways. (Gla- 
ciers which are advancing sometimes plow into the debris in 
front of them and force it up in concentric ridges, usually with 
the formation of cracks in the soil. The surfaces of the ridges 
formed in this way are frequently covered with vegetation, which 
in addition to their forms and the character of the material of 
which they are composed, serves to distinguish them from termi- 
nal moraines. When a glacier advances into a forest, the trees 
are broken off and piled in confused heaps about the margin of 
the ice. The upper surface of a glacier is known to flow faster 
than the ice below, and an advance is probably accomplished by 
the upper surface flowing over and burying the ice which rests on 
the ground. For this reason, advancing glaciers usually present 
bold scarps at their extremities, and. in general, are not covered 
with a broad sheet of debris. 

Tn retreating glaciers the layers of new snow deposited on the 
neve fields and changing to ice as they flow downwanl, are melted 
l)efore reaching the margins of the ice streams, and the slow mov- 
ing ice at the bottom is thus left exposed and melts away. The 
retreat is accomplished not by a contraction in the volume of the 
ice-body, but by the melting, of its distal extremity. The ice 
which is not covered by fresh layers melts at the surface, and the 
englacial debris which it contains is concentrated in a general 
sheet forming fringing moraines. When a sheet of debris of thi.s 
character is extensive and covers the lower portion of a glacier 
from side to side, it indicates that the ice l)eneath is practically 
stationary and consequently is melting and retreating. The ends 
of retreating glaciers fre<iucntly have a gentle surface sloi)e, and 
in many instances are so completely concealed b}' debris that the 
actual terminus of the ice cannot l>e distinguished. When the 
moraines are heavy, however, and especially when they are clothed 
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with v^etatioD, the melting of the ice Iwneath is greatly retarded, 
and in some observed instances the glaciers thus protected termi- 
nate in bold scarps. 

When a glacier retreats more rapidly than soil can form on the 
abandoned area, so as to admit of the growth of plants, a deso- 
late tract is left about its end, on which concentric lines of stones 
and boulders may indicate halts in the retreat. Barren areas of 
this nature, when the lack of vegetation is not due to the action 
of water from the ice, are good evidence of recent glacial n^ces- 
sion. When glaciers which flow through a valley having steep 
sides, become stagnant, a general lowering of the surface, de- 
creasing up stream, takes place, which leaves the bonlering slopes 
bare of vegetation. The action of rain and rills on such surfaces 
may indicate to some extent the length of time they have been 
exposed. The presence of fine ghicial debris on slopes from 
which it would be easily washed by rain, may also furnish evi- 
dence in the same connection. Retreating glaciers sometime 
leave detached masses of ice which are melted in the course of a 
few years and hence indicate nipid changes. The amount of sub- 
aerial erosion on glaciated areas may also serve to indicate the 
length of time they have been exposed. 

These various classes of evidence usual Iv enable one to deter- 
mine definitely whether a glacier has recently advanced or re- 
treated, and may sometimes afford a clue to the rate of these 
ehanges. In the study of the glaciers of America we have at 
present no definite quantitative measurements, and must rel}' on 
such phenomena as have been indicated. 

California: Some of the small glaciei*s in the High Sierra 
were visited by me in 1888 and 1884. 1 found that they were 
certainly not advancing, and from the occurrence of barren area 
about their extremities judged that they were slowly receding, but 
could not obtain evidence as to the rate of the recession. 

Observations by J. S. Diller, of the T. S. (Jeological Survey, 
on Mt. Shasta, indicate that the glaciers in northern California. 
like those farther south, are retreating. Evidence of this is 
furnished by barren areas about the ends of several of the glaciers 
and by a conspicuous lateral moraine on the side of the Whitney 
glacier, which in 1887 was al)Out twenty-five feet above the lev(4 
of the adjacent ice. 

Oregon and Waalnnyton: The glaciers on the Cascade mount- 
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ains have l>eeii visited by a number of persons, but I have been 
unable to obtain satisfactory evidence of advance or recession. 
An inspection of photographs of the glacier on Mt. Kainer indi- 
cates that they end in areas bare of vegetation, which presum- 
ably were recenthv occupied by ice. 

British Columbia: The glaciers of British Columbia, although 
numerous and important, are but imperfectly' known, and only a 
few observations on recent changes have l)een made. Many of 
these glaciers, however, have been seen by Dr. G. M. Pawson, 
who informs me that in no instance are there evidences that they 
have recently advanced, and considers it is safe to assume that they 
are either stationary or slowly receding. 

R. (i. McConnel, of the Canadian Geological Sur^'ey, has 
kindly informed me that the glaciers, both on the Stikine river 
and in the Rockv mountains, have shrunken back from fresh look- 
ing moraines, and that the intervals between the ice and the mo- 
raines, in all instances examined by him, were destitute of trees 
and contained but little vegetation of any kind. In his opinion a 
marked retreat has occurred within the last centurv or two, but 
whether it has been in i)rogress during the past one or two dec- 
ades cannot be decided from the evidence in hand. Observa-* 
tions made byMacoun and IngersoU confirm this conclusion.* 

I visited the Illecellewaet glacier at (llacier station, on the 
Canadian l^icific Kailroad, in the spring of IHDl, and found a 
barren area, intervening between the ice and the encircling forest, 
several hundred yards in breadth, which had evidently been but 
recently abandoned by the glacier. A small moraine on the 
western side of the glacier also suggested a recent shrinking of 
the ice. The evidence of a recent retreat of this glacier has 
also been noted by AV. S. (Jreen.t 

An absence of vegetation about the extremity of one of the 
glaciers on Stikine river was noted by Blake, + and may probably 
betaken as an indication of a recent retreat of the ice. A legend 
current among the Stikine Indians indicates that two glaciers on 
opposite sides of the stream were formerly united and that the 
river then flowed through a tunnel beneath the ice. 

♦Mountaineering in Brilisli Columbia, by Ernest IngersoU, Bull. Am. 
Oeog. Soc, Vol. xviir, 188C, p. 18. 

+Aniong the Selkirk glaciers, London, 1800, p. 09. 

JAmorican Jour. Sci , Vol. xliv, 1867, pp. 90-101. 
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Alaska: The evidence that a general retreat of the ghiciers of 
Alaska is still in progress is alnnuhmt, and in a few instances is 
of quantitative value. 

Ijf/nn Cfttial: About this majjnificent inlet there are many ice 
streams of the alpine type, which descend nearly to sea level, )»nt 
none of them are now actually tide water glaciers. Al)OUt the 
ends of many of them there are dens(» forests of spruce trees 
which must have been growing for at least one hundred antl tifty 
ye:irs, but between ' the forests and the present terminus of the 
ice there is in several instances a barren area covered with morainal 
deposits and bearing every indication of having but receutly been 
a1)andone<l by the glaciers.* These conditions are especially 
noticeable at the extremity of the Davidson jjlacier, situated on 
the western side of the inlet near its head, which expands into a 
broad Ice foot on leaving the wild gorge through which it Hows. 
Between the present terminus of the ice and the encircling fon^st 
there is a barren tract half a mile broad, which has been left by a 
retreat of the ice so recently that vegetation has not Ixhmi able to 
take root U|x>n it. A decided retreat of the ice has here reccntly 
occurreil, and to all appearances is still in i)rogress, but no ob- 
servations of its rate have been made. 

Conditions similar to those seen at |)avidson glacier were ob- 
served in wmnection with sev(»ral <»ther ict? streams in the same 
region. In Taku inlet, the Norris glacier comes down to sea 
level, but is separated from the water V)y broad mud Hats. Then- 
is no indication that this glacier has recent h' advanced nii<l an 
accumulation of <lebris over its surface iiidicntes that it is melt- 
ing away. The Taku glacier near at iiand. is of tin* tidewntiT 
type and evidence of recent changes are wanting. 

Gfarifi' Biiff: The evidence of recent cliangi's in Mnir (J la- 
cier have been presented by AV right. t who has shown that 
it has (piiti^ recently been both more extensive and of less ^ize 
that at present. Ad<litional evi(lenc(» of these changes have 
been supplied by lleid, + who conchules thai Mnir (i lacier and 
other ice streams now discharging into (Ilacier bav. wen* forni- 



*Bull. Geol. Soc. Am., Vol. i, IS'JO, p. l.V,>. 

tThe Ice Age in Xorth Anioriciu hv (i. Fn-dtM-ick Wriirl.t, New York, 
18«9, pp. 51-57. 

JStudies of the Muir Glacier, l)y If. F. Kei<l, Xjitional (teoirnipliic- 
Mag., Vol. IV, IHIU, pp. 
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erly mueb more extensive than at present, and at the time of 
the Vancouver's expedition in 1794, probably occupied tiie 
whole of the bay to a point some distance below Willoughby 
island. The retreat during one hundred years is thought to 
be in the neighborhood of fourteen miles. This conclusion, 
however, rests on certain passages in the narrative of Van- 
couver's voyage* which may possibly refer to floating ice, and 
not to actual glaciers, and therefore not have the quantitative 
value indicated above. But under any plausible rendering of 
Vancouver's account, it does not seem possible to escape the con- 
clusion that the ice in lacier bay was far more abundant at the 
time of his visit than in recent years. 

Observations made by Wright and Reid in 1886 and 189i>, 
respectively, show that Muir glacier has retreated during this in- 
terval more than 1,000 vards. This observed rate of recession 
would, if continuous for one hundred years, produce a retreat of 
approximately fifteen miles, and affords ground for believing that 
the great retreat supposed to have occurred since Vancouver's 
visit is approximately correct. 

John Muir has kindly contributed the following note concerning 
the retreat of the glaciers of southeastern Alaska, which con- 
firms the evidence already presented: 

"All the glaciers that have come under my observation in southeastern 
Alaska have retreated and shallowed since first I became acquainted 
with them in 1879 and 1880. Those in which the declivity of the chan- 
nels is least, have of course receded the most. During the ten years 
between 1880 and 1890, Muir glacier has receded about one mile, at its 
mouth in Muir inlet/^ 

St. EHas Region: Much space could be occupied in recording 
observations which indicate a general recession of the glaciers 
about Yakutat and Disenchantment bays and along the adjacent 
ocean shore, l)ut a brief summary of this evidence is all that 
seems necessary at this time. 

The lower portions of a large number of glaciers in this region 
are completely covered by continuous sheets of debris which has 
been concentrated at the surface through the melting of the ice. 
This debris is not being carried forward and deposited in terminal 
moraines, but is distributed over the surface of the ice in a thin 

♦Voyage of Discovery around the World, by Vancouver, Vol. v, pp. 
420 423. Quoted by Wright in Ice Age of North America, pp. 55-57. 
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sheet and marks the stagnant condition of the ghicier on which it 
rests. In several instances, especially on the outer border of the 
Malaspina glacier, the moraines resting on the ice are clothed 
"with vegetation, which over many s(|iiare miles has the character 
-of a forest, composed principally of spruce trees, some of which 
are three feet in diameter. Within the forest covered border and 
forming a belt concentric witli it, there is a barren tract coveretl 
with stones and Iwulders. Tlie forests growing on the glacier 
ami also thousands of lakelets, l)Oth in the outer border of the 
barren moraine and in the adjacent forest-covered moraine, indi- 
cate conclusive!}' that the ice-sheet is stagnant and consec^uently 
wasting away. On the coast l>ordering the Malaspina glacier on 
the south, there were formerly two projections called point Rio 
and cape Sitkagi which were noted by the explorers one hundred 
years ago. In traversing this coast in 181)1, 1 found that no capes 
exist at the localities referred to. At the site of cape Sitkagi 
there is evidence that the sea ha.s recc»ntly invaded the glacial 
Iwnndar}'. On the sides of many of the alpine glaciers in the 
St. Elias region there are steep slopes bare of vegetation although 
well ])elow the upper limit of tree-growth of adjacent area.s, which 
indicate that the ice streams have recent Iv shrunken within their 
beds. My conclusions after two visits to the glaciers in the St. 
Elias region is that without exception they are rapidly retreating. 
Near ])oint Manby there is a locality where the Malaspina gla- 
cier has recently advanced about 1,500 feet into a dense spruce 
forest, cutting off the trees and sweeping them into confused 
hesips. After advancing, the ice retreated, leaving a typical mo- 
raine surface filled with lakelets. This is the onlv instance of a 
recent advance that has come under niv notice. 

ft 

The head of -Yakutat bay was visited by Malaspina in ITIH, 
and again by captain Puget in 1704. Each of these explorei*s 
found the inh»t blocked bv a wall of ice from shore to shore. 
No other observations in this connection were made until mv 
vi.sit in the summer of 1S!M).* From what niav now l)e ol)served 
it is evident that the Daltoii and Hubbard glaciers, which come 
^lown to the water at the head of the inlet and ])reak otf in bergs, 
must have extended .some live or six miles ]>cvond their present 

* .Map indicating tlie position of the ice in 1701 is sliown on plate 7 
and its extent in 1800. on plate 8, of my report on an <»xpe(lition to Mt. 
.St. Klia9, in Nat. Geog. Mag., Vol. in. This is only a sketch map, and 
•cannot be relied upon for measurement of distances. 
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position at the time of Malaspiiin's and Pnget's visits, and weiv 
then united so as to completely block the entrance to Disenchant- 
ment bay, which is a continuation of Yakutat bav. These obser- 
vations show conclusively that the glaciers mentioned have re- 
treated fi\^ or six miles within the pjist one hundred years. The 
small recession that has here taken place, in comparison with tiie 
changes reported in Glacier bay, during the same time, is i)rob- 
ably due to the fact that the neve from which Muir glacier liow.s. 
is much lower than the snow fields drained bv the Hubbard and 
Dalton glaciers, and . presumably more sensitive to climatic 
changes. 

North Side of the St. Elias Motmtftiiis: Pr. C. Willard Haves, 
of the IT. S. (i(H)logical Survey, in crossing from Selkirk house 
on the Yukon river to Copper river, in 1801, passed for a portion 
of the way along the northern border of the great system of 
mountains which culminate in Mt. St. Klias, and discovered sev- 
eral large glaciers of the alpine type flowing northward from the 
neve field north of Mt. St. Klias, and also other glaciers draining 
neve fields al>out Mt. Wrangell ami flowing southward. Respect- 
ing the evidence of recent changes in these glaciers, Dr. Haye.«» 
has kindl}' supplied the following notes: 

Two large glaciers and many small ones were seen flowing from the 
St. Elias mountains northward Into the AVhite river basin. Anotlier 
flows from tlie southeast into the pass and drains into hotli the Wliit<' 
and Copper river basins. About the head of the Xizzenah are four larire 
and many small glaciers. Flowing into (/'oj^per river from the coast 
range are four or five glaciers, one of them — Miles glacier — being larger 
than any seen further in the interior. Observations were tluis mad*- on > 
twelve glaciers, and with one exception to be described later, all sliow a 
more or less rapid recession. The evidence of tliis recession in mo!»t 
cases is the accumulated moraine covering tlie terminal edge of tli*- 
glacier: or where there is not sufficient englacial <lrift to accumulate ami 
form a protective mantle, the stagnant ice melting to a feather edge. 
The AVhite river lobe of Russell glaciers is of the moraine covered 
type, while the Xi/zenah lobe has the feather edge. On the Klutr 
Ian and Russell glaciers tlie outer portion of the moraine covered ice 
supports a dense vegetation, which becomes gradually more scanty and 
disappears about half a mile from the edge of the ice. The recession 
of the smaller glaciers along the Nizzenaii appears to have been 
more rapid than the advance of the vegetation so that between it an«l 
the ice is a belt of bare moraine. 

Miles glacier terminates in an ice cliflp fronting upon Copper river 
and tlie river has as yet rut onl}' part way through the dam formed \*\ 
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the northern lateral moraine. This moraine must, until very recently, 
have been backed up by the glacier itself, though the front of the latter 
has now retreated two miles to the eastward. 

While the fact of recession is manifest, the rate is more difficult to de- 
termine. In one case, however, it is possible to connect the amount of 
recesaion with an important episode in the history of the region, namely, 
the eruption of a wide spread deposit of volcanic ash whi(^h extends 
from near the head of the Pelly westward to Scolai pass. With regard 
to the age of this deposit Dr. Dawson says:* "While the eruption must 
have happened at least several hundred years ago, it can scarcely be 
supposed to have taken place more than a thousand years before the 
present time." 

For a distance of about three miles in front of the Klutlan glacier 
there is a deposit of moraine material perhaps 200 feet thick, composed 
of volcanic ash and angular rock fragments. This evidently fixes the 
position of the glactial front at the time of the volcanic eruption, and the 
amount of recession since that event. It is interesting to note that on 
the present glacier surface the volcanic asti is foimd only a short distance 
from the end, showing that since the eruption, while the front of the 
glacier has receded about three miles, nearly the whole mass of the 
glacier has been renewed by fresh addition from its source. 

The single exceptional case already referrel to, is the Frederika gla- 
cier, which seems to be advancing its front instead of retreating. It has 
its source in the high mountains forming the eastern members of the 
Wrangell group, and flows south in a lateral vallej', joining the valley of 
the Nizzenah at right angles. The front of the glacier is parallel with 
the river and about three-fourths of a mile from it, the intervening space 
being a gravel plain. The glaci»*r terminates in a nearly vertical ice 
cliff about 250 feet high. It is slightly convex, and stretches entirely 
across the valley about a mile in length. The surface of the glacier is 
free from moraines but is extremely rough and broken, unlike the ordi- 
nar}' surface of stagnant ice at the end of a retreating glacier. At the 
foot of the cliff is a small accumulation of gravel and fragments of ice, 
probably pushed along by th<» advancing Tnass.+ 

An explanation of this anomalous case is sugg(»sted. Ten miles to the 
westward of the Frederika another much larger glacier flows into the 
valley of the Nizzenah. This is form<^d hy tlie union of tlirec separate 
streams, and of these the eastern appears to be retreating much more 
rapidly than either of the otliers. Hut this eastern branch pro])ably has 
its source in the same basin as tlie Frederika glacier, and it seems not 
impossible that by some means the drainage has been diverted from the 
western to the eastern outlet, tluis causing the ra)>i(l retreat in the former 
glacier and advance in the latter. 

♦Report on Yukon District, p. 4.") \\. 

tThis is the only instance of an advancing L^huier known on the west 
coast of North Anierica. I. C. K. 
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Greenland: Regarding recent changes in the ice sheet of 
Greenland there is but scanty evidence, and such observations as 
have been made on the advance and retreat of the margin of the 
ice are conflicting. Holts found in 1880, between latitude (Jl and 
05° 30', on the west coast, according to Lindahl,* that "the l>or- 
der of the ice appeared to have retreated (juite recently in many 
places; in others it had decidedly advanced." Nansent remarks 
in this connection that we cannot even conjecture what the present 
conditions are, and thinks that the observations show that there 
is no strong tendency either towards advance or retreat. Warren 
Upham,t who has recently reviewed the literature relating to the 
Greenland ice sheet, informs me that in his judgment the ice is 
now slightly increasing in thickness and generally in extent. 
This conclusion rests largely on the general absence of debris on 
the lK)rders of the ice sheet. His studies have also led him to 
the conclusion that (Jreenland, in common with other portions of 
the northeast border of this continent, is now having an appre- 
ciable increase in cold. 

The observations of those who have traversed the inland ice 
seems to indicate that nearly its entire surface is in the condition 
of a neve, and suggest that growth and not retreat must be in 
progress. The absence of debris on the borders of the ice sheet 
referred to b}- Upham, is important in this connection, and seems 
to indicate that no great waste of ice occurs before it is discharged 
into the sea. 8o far as one may judge from the observations of 
others, it seems as if the t»vidence available points to an increase 
of the ice sheet, as supi)osed by Upham, but 1 do not give much 
weight to this conclusion. Dufour, however, in a paper cited in 
the beginning of this essay, is inclined to the opposite conclusion. 
He states that in 1880 he made a communication on the retreat of 
the glaciers of Europe and Asia before a scientific congress at 
Reims, and that during the discussion which followed one of the 
persons present, who had been in Greenland several times, men- 
tioned that he ' 'had noticed that the glaciers of that land had also 

*Am. ^jit., Vol. 22, 1888, p. T^m. 

tFirst Crossing of Greenland, Vol. ii, p. 491. 

JThe conclusions of Mr. Upham are also contained in the following 
papers:— "On the cause of the cold of the Glacial Epoch," Am. Geol., 
Vol. VI, 1890, p. ;«C: and "The ice sheet of Greenland,'' Am. Geol., Vol. 
viir, 1891, p. 150: "Criteria of ensrhicial and subglacial drift," Am. Geol.. 
Vol. viir, 1891,p.:J85. 
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retreatCHl considerabl}'. " It is known that the jfhiciers of Gri*en- 
laiid were mnch more extensive during a former ei)ooh than at 
present, and left records at an elevation of :J,()(H) feet above the 
present ice surface.* It may be suggested that the observations 
referred to by Dufonr possibly relate to these ancient records. 

Wfiyht of the Ecident-e: The observations summarized in this 
paper in reference to the Cordillera region, although unsatisfac- 
torj* in many ways, indicate with a single <»xception which seems 
to have a special explanation, that the i(»e Ixxlies in that region are 
retreaiting. This conclusion not onl^^ rests on direct observa- 
tions of several individuals, but is sustained by negative evidence 
as well. An atlvanceof a glacier, especially in a foreste<l country, 
is apt to be strongly marked, and would attract the attention of 
even a casual olwerver, but in no instance, with the exception 
reported by Dr. Hayes, and the slight extension on the lH)rder 
of the Malaspina glacier aln»ady mcMitioncMl, has a recent advances 
of the glaciers Ijeen reiK>rted. 

The fact that the glaciers at the h(»ad of Yakutat bay have re- 
treated several miles within the past ontj hundred yt»ars, as well 
US the still greater recession of the glaciers of (I lacier bay <luring 
the same i)eriod, indicates the present general recession of thi* 
glaciers of the Pacific coast has probably Ikmmi in progress for more 
than a century. During this time there must have been many 
minor oscillations which our imperfect obs(»rvations do not de- 
tect but the fact that the gi'ueral mov(»meiit has Ikhmi l).Mckward 
is well sustaine<l. 

The shrinking of the glaciers of the west coast of North 
America, together with the conclusions nuu*hed by Prof, hufour 
to the effect that the glaciei*s of both Kurope and Asia jiie reced- 
ing, indicate that the Green lan<l ice sheet is the only one in the 
Northern Hemisphere which is not now diminishing. 

Clhnatic vhangeR: The advance and retreat of glaciers depen<ls 
on climatic change. Glaciers, like enclosed lakes, record the 
result of the sum toUd of climati** (rhanges which favor the re- 
tention of moisture on the land. In general it is safe to assume 
that increase<l precipitation will favor their growth :uid n rise of 
tem|)eniturc lead to their retreat. A gencnd <lecrejise in the 
glaciers of the Pacific coast suggests that other eviden<'c of a 
secular climatic change should bt» found in the same region. To 

♦Am. Jour. Scl. .Srd 8er., Vol.24, pp. ino-lUl. 
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discover if there is anv connection between the retreat of orlaeiers 
and recorded oV)servations on climatic changes, it would appear 
that an inspection of the records of mean annual temperature 
atid mean annual rainfall, without discussing the causes of these 
changes, would be sufficient. Difficulty in the way of making 
this comparison arises, however, from the fact that in the glacial 
records we have only the general result of a long series of changes, 
all minor features of which are lost; while in the weather records 
sufficient time has not been covered bv the observations to show 
secular changes a century or more in extent, which w^ould Ik» 
necessary to reach a satisfactory conclusion. The weather records 
on the Pacific coast did not begin until 184iL and were not made 
at a sufficient number of stations to furnish a l)asis for determin- 
ing general climatic changes until a number of years later. This 
lack of observations render it impossible to make the comparison 
desired. The same proves to be true also on attempting to cor- 
relate the retreat of the glaciers with the weather records of the 
entire North American continent. The only conclusion to be 
reached in this connection seems to be that the data relatin«: to 
both the rtuctuations of glaciers and to climatic changes are inad- 
equate for satisfactory comparison. 

Curves showing secular changes in temperature and rainfall of 
the world for more than one hundred vears, derived from all 
available weather records, have been published by Dr. Bruckner,* 
of the llniversity of Berne. The observations of temperature 
embrace the period between 17)50 and ISSo and show a gradual 
rise during the latter part of tliis interval. The curve indicating 
rainfall includes the period between 1775 and 1885, and shows a 
gradual decrease towards the end of this period. These results 
seem in harmony with the decrease of the glaciers of Europe and 
Asia and of the west coast of North America, but how accurately 
the curves indicate actual changes in the elements of climate re- 
ferred to it is impossible to say. The general rise in the tempera- 
ture curve, the gradual fall in the curve representing precipitation, 
towards the end of the periods of observation are probably in- 
fluenced bv the varyinjr character of the observations durinjj 
different portions of the period. The correspondence l)etween 
the general retreat of the glaciers in the northern hemisphere and 
the changes in the records of temperature and rainfall referred to 

♦Peak's Geog. AblandliinL^er, Vol. iv, 18'.»U, p. \V2\K 



Vluiiatlc ChdH^fea LulU'dted hy (r/arir/'x, — RuhhcII. 335 

alK)ve may be valid, but it seems to me for various reasons, that 
but little weight should attach to it. 

The comparison of the retreat of glaciers on the west coast 
with the rise and fall of the lakes of that region, more especially 
of the enclosed lakes, would ])e instructive, but hen* again, as in 
the case of the weather records, no records covering a sulii- 
cient length of time are available. Observations on the rise and 
fall of Oreat Salt lake show many fluctuations, but no general 
decrease which is comparable with the retreat of the Cordilleran 
glaciers. * 

The geological records of lakes Bonneville and Lahontiui show 
two maxima separated by a minimum, which hitter indicates a 
period of desiccation, and followed by a second minimum which 
extends to the present day. The retreat of thi^ glaciers on the 
west coast seems in harmony with tliis record. The desiccation of 
the lakes referred to has accompanied the retreat of the glaciers 
on neighboring mountains, l)ut has been nion» rapid. It is l)e- 
lieved that the lakes of the (ireat Basin had tiieir last niaxiniuni 
at the time the Sierra Nevada was covered with glaciers. A gen- 
eral dcrcrease in the glaciiM's appears to have acconi})anie(l the de- 
siccation of the lakes and is still in progress. 

The retreat of the "rlaciers on the Pacific coast, as shown by 
rough (piantitative determinations at Vakntat and (Jlacier bays, 
has l>een in progress for not less than one ImndnMl years. Th(^ 
character of the forests about the extremities of the glaciers of 
Lvnn canal, show that the ice streams have not advanced bcvond 
the barren areas in which they now terminate, within at least one 
hundretl and fifty or two hundred years. In the case of David- 

ft' « 

son glacier, the barren area intervening between the ice and the 
encircling forest is about half a mile wi<le. If this retreat was 
ac*complished within one hundred years it would show that the ice 
foot receded at the rate of al>out two feet per year, t 

Similar conclusions have been reached in refi>rence to other 
glaciers in the same region and, although d(»tinite nn^asurements 

♦The fluctuations of (^reat Salt lake have been (lisciussed by (t. K. 
Gilbert, who shows that they coincide but imperfectly with observed 
variations in temperature and precipitation iu tlie same region. V . S. 
Geol. Surv., Monograph No. 1, pp. 230-248. 

tThis is an exceedini^ly rou^h estimate for the reason that the breadth 
of the barren area about the foot of Davidson glacier lias not been 
measured. The statement that it is half a mile wide is from eye estimate 
simply. 
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are lacking, those considerations show that the retreat has l>een 
very gradual, and was undoubtedly accompanied by many minor 
changes of which we have no record. The indications are that 
the retreat of the glaciers has been so gradual that it is doubtful 
if ordinarv weather observations would be able to detect the 
change, unless carried over a period of several decades, and 
therefore could not be expected to api>ear in the weather records 
now available. For example, a decrease in the mean annual rain- 
fall of the Pacific coast to the extent of one-tenth of an inch i)er 
year would, in the time cohered by the retreat of the glaciers, 
produce marked results, but would scarcely be detected in a series 
of observations covering less than a decade, and even then the 
stations would have to be numerous to allow one to draw definite 
conclusions. Similar considerations hold true also in reference to 
an increase of temperature. 

These considerations indicate that the growth of glaciers and 
the initiation and decline of (llacial epochs, are caused by very 
gradual climatic changes which would only become conspicuous, 
as climatic changes are now studied, after the lapse of centuries. 

Wnshtngtou, J). C, Fehrunri/ .^9, 18U.I. 



EDITOIUAL C0MME>;T. 



SiK Andrew C. K.v.msav, ]Jart. 

With the death of the late director-general of the geological 
survev of (Jreat Britain and Ireland, at his home at Beaumaris (I. of 
Anglesey) on the IKh of Pecember, ISiH. at the age of 77, a con- 
spicuous and long familiar figure disappeared from the geological 
world. A born g(»ologist. he needed only the opportunity for 
showing his power and this came during a visit to the Isle of 
Arran (for the benefit of his health, never too strong), through 
accidental contact with Prof. Nichol. of (Jlasgow. Mapping and 
modellinir the island, his work attracted the attention of Murclii- 
son at the meeting of the British Association. at (llasgow,in 1840. 
Through his assistance Kamsay was attached to the survey and 
assigned to South Wales. In 1845 he was made local director 
for CJreat Britain, which office he held until on the death of Sir 
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Roderick Murchison in 1871. lie became director geuenil, retain- 
ing the post till 1881. 

To Ramsay geology is indebted for l)ringing into pn)minence 
the doctrine of earth sculpture. In his first paper on the denuda- 
tion of South Wales he showed that ** the existing tojwgraphy of 
the land has a long and interesting history much of wliicli nuiy 
»till }>e deciphered," This idea he afterwards enlarged in his 
** Physical Geology and Geography of (treat Britain,' a series of 
lectures delivered at first to working-men. 

Another of his favorite subjects was the erosion of their beds 
by glaciers, and the now familiar <loctrine of the excavation of 
the basins in which lie many of the lakes so numerous in glaciated 
regions. This doctrine yet retains some value in special cases, 
but it was doubtless pushed I )v its able author beyond due bounds. 
He also was among the fii^st to attempt to establish the recurrence 
of glacial episodes in the distant past, as for example, in the 
Permian and Devonian eras and to make prominent the idea of 
palfeontological breaks in the record of life, which he did in his 
addresses l>efore the Geological Society of Loudon in ISIk'i and 
1864. dates which form an epoch in the history of the science. 

In addition to these side issues the results of his dinn't labors 
mav be found in the volumes of the ijeolo^icid survey duriuij: his 
directorship. 



REVIEW OF TvECE^sT GEOr.OGlCAL 

LITEliATUKE. 



Tenth Annutil Iteport of tin I'uitcd .^tnUi* (hohnjiml Siin-tf/ to thf Sai'i- 
Uiry of Ute Interior, 188S' ^9. By .1. W. Powell, Director, \Vashingt»JU, 
1890. Part I. Geology, pi). xv, 774 : with l»s plates, iiiid jibout 70 figures 
in the text. Part II, Irriga'ion. pp. viii, I2:j. 

These volumes were distributed to working c:<*oloirists and libraries a 
few months ago. Durinj^ the riyeal \'ear reported, an airgreirate area of 
43^2 square miles, including parts of twenty three states and territo- 
ries, was surveyed an<l mapped. The topograj^liic surveys have l»een 
extended over the whole of Massachusetts, Itliode Island and New 
Jersey ; mure than half of Virginia and West Virginia : approximately 
two-tifths of Missouri, Kansas, and Arizona: a (puirter of Maryland an«l 
Tennessee; and a sixth of North Carolina, Ge<^rgia, Alabama, Kentm ky, 
and California, .\bout a tenth part of the national domain has been 
thus accuratelv surveved. 
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SummarieB of the work of this survey, and of the present state of 
knowledge of North American geologic systems, with correlation of 
formations throughout the country, were in progress of preparation, as 
follows : on the Pleistocene, by T. C. Chamberlin ; Neocene, William 11. 
Dall ; Eocene, W. B. Clark ; Cretaceous ( including the Laramie ), C. A. 
White ; Jura-Trias, I. C. Russell ; Carboniferous and Devonian, H. S. 
Williams ; Silurian and Cambrian, C. D. Walcott ; Algonkian and 
Archaean, C. K. Van Hise : correlation by vertebrate paheontology, O. C. 
Marsh ; correlation by pahuobotany, Lester F. Ward ; resumC* of North 
American stratigraphy, W. J. McGee ; and discussion of principles of 
correlation, G. K. Gilbert Three of these memoirs, by White, Williams, 
and Walcott, have been since issued as bulletins of the survey. 

Professor Pumpelly's report of the progress of his investigation of the 
structure of the Green mountains shows that they consist of compressed 
folds overturned toward the west. The cores of the folds are pre- 
Cambrlan crystalline rocks, which are generally hidden. Metamor- 
phosed detrital rocks form the surface, apparently comprising the entire 
Cambriam systt^m and the Silurian upward to the Hudson River forma- 
tion. 

In the work of the Atlantic Coast division, under the direction of 
Prof. N. S. Shaler, the morasses and superficial deposits of Massachu- 
setts have been mapped, and are found to exhibit a gradual decrease 
of stratified gravel, sand and clay, and an increase of the areas of till, in 
proceeding from the seaboard inland to the western and higher part of 
the state ; moraines have been discovered in the interior, far back from 
the great terminal moraine which forms the crest of Long Island, and 
the drumlins are found to display diverse degrees of development, the 
least prominent grading insensibly into ordinary sheet till. 

The structure and origin of the Appalachian mountains have been 
studied by Mr. G. K. Gilbert, and Mr. Bailey Willis, and the latter has 
undertaken a series of experiments to represent in miniature the folds 
of these mountains by subjecting layers of plastic material to lateral 
thrust. 

Exploration of the rock formations surrounding lake Superior, by 
Prof. C. R Van Ilise, has been extended over a large area, in north- 
eastern Minnesota and northern Wisconsin and Michigan. For the 
extensive series of rocks, supposed to be beneath the Cambrian and 
above the Archjvan, well developed in this district, the name Algonkian 
is proposed. This is another addition to the synonymy of the already 
burdensome and complicated nomenclature of this uncertain horizon in 
the geological scale. 

In the Glacial division, under the direction of Pres. T. C. Cham- 
berlin, work has related to the glacial Lake Agassiz ; to the terminal 
moraines, and the succession of deposits which make up the general 
drift sheet : the gravels and sands of glacial origin continuing beyond 
the limit of the ice incursions in the basin of the Mississipi ; trains of 
boulders in Wisconsin ; and the osars, kames, and valley drift in Maine. 
Reports on most of these subjects are nearly ready for publication. 
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Dr. A. C. Peale in central Montana, has examined a type section of 
the entire Palaeozoic system from tlie Carboniferous to tlie Algonkian, 
inclusive, finding every principal division distinctively developed. 

The field work in the Yellowstone National Park, under the direction 
of Mr. Arnold Hague, comprised the continuation of observations of the 
geysers, and espec ially the careful study of the Excelsior geyser, which, 
alter lying dormant for nearly six years has burst into renewed activity, 
concurrently with the disappearance of several hot springs and small 
streams. The topographic maps of the Park, and the delineation of the 
areal geology, are completed. 

Mr. S. P. Emmons has nearly finished the preparation of monographs on 
the Ten Mile and Silver Creek mining districts in Colorado, and on the 
Denver coal basin. A most interesting formation, underlying the city of 
Denver from which it is named, was discovered during the year covered 
by this report and has been described by Mr. Whitman Cross. Tt is prob- 
ably of Eocene age, and consists of sediments eroded from andesitic lavas, 
but the situation of the area thus denuded has not been determined. 

In California Mr. G. F. Becker, spent the greater part of the year in 
8ur\'eys of the Gold Belt, tentatively mapping the geologic formations 
of about half of the auriferous region. Well-preserved glacial stria' 
have been found on portions of tlie walls of the Yosemite Valley, and 
on the head-waters of the Kaweah river, farther south than any locality 
previously known. "Here, as elsewhere in the Sierras, the ice marking 
is wonderfully fresh. Although the streams are roaring torrents of 
high declivity they have coira<led but a few feet of rock since the 
glariers disappeared.*' 

Mr. J. S. Diller, in charge of tlie Cascade division, was occupied 
during most of the season of field work in the collection of speci- 
mens of volcanic rocks from various points of the Cordilleran mountain 
belt, to form* part of a series for distribution to the educational institu- 
tions of the country. The number of specimens colle(!ted to re])resent 
each variety of rock in the series, is 250. 

The chief work of Mr. W. J. ^IcGee during the year was tlie com- 
pletion of his researches on the Pleistocene formations of northeabtern 
Iowa. Dr. G. II. Williams was engaged in study of the crystalline 
rocks of the Piedmont region in Maryland ; and Mr. L. C. Johnson in- 
vestigated the Tertiary beds of the coastal plain in the southern states. 
This report also reviews the iiala'ontologic work done for this survey 
by Prof. Marsh, Dr. Newberry, Prof. L. ;^\ Ward, Mr. F. H. Knowlton, 
Prof. W. M. Fontaine, Mr. C. I). Walcott, Prof. II. S. AVilliams, Dr. C. A. 
White, Dr. W. H. Dall, and Mr. S. H. b?cudder : the work in the chemical 
and physical laboratories by Prof. F. W. Clarke, Dr. Carl Barus. and 
their assistants; the work of the petrographic laboratory by Messrs 
Diller, Hague, Iddings, Bayley, and others ; and the work in mining 
statistics, and technology by Dr. David T. Day. 

The total value of the metalli(r products of the Initeil States, during 
1888 was $256,245,000, of which iron was s!5107,O00,000 : silver $59,000,000 ; 
and gold and copper, each $83,000,000. Among the non-metallic mineral 
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products, which had an aggregate spot value of $328,914,000, bituminous 
coal was $122,000,000, anthracite coal, $89,000,000 ; building btone, lime, 
and petroleum, each about $25,000,000; and natural gas $22,662,000. 
Next to these, but far below, are cement and salt, each about $4,000,000. 

The report of the director and the administrative reports of tbe heads 
of divisions, which together fill 252 pages, are accompanied by three im- 
portant papers, entitled. General account of the Fresh-water Morasses 
of the, United States, with a description of the Dismal Swamp district of 
Virginia, and North Carolina, by N. S. Shaler ; the Penokee Iron-bear- 
ing series of Michigan and Wisconsin, by R. D. Irving and C. R. Van 
Hise ; and The Fauna of the Lower Cambrian or Olenellut; zone, by C. 
D. Walcott. Reviews of the llrst and second of these papers were pre- 
sented in the March Geoix>gi8t and of the second in vol. viii, p. 82. 

Part II, relating to irrigation^ describes the surveys which have been 
entered upon in the great arid region of the plains and of the Cordil- 
leran belt, with its enclosed basins. The topographic work was in 
charge of Prof. A. H. Thompson, and the engineering and hydraulic 
work under Capt. C. E. Dutton. 

Ml St. Eliiitt and itn Glaciern, By I. C. Russell. The mist which has 
so long enshrouded this mountain has been in part dispelled during the 
past summer by the expedition of Mr. Russell of which he gives an ac- 
count in the American Jonrmil of Science and the National Oeoyraphic 
Magazine, Though unable to reach the summit on account of bad 
weather, he camped with his party at an elevation of eight thousand feet 
for twelve days, and made one unsuccessful expedition toward the sum- 
mit, the only one allowed by the weather. Snow also prevented much 
examination of the rocks but he reports them as consisting for the most 
part of brown sandstone and dark shale, with intrusions of diorite and a 
few beds of limestone. The dip is almost invariably to the northeast 
but the thickness could not even be estimated iu consequence of crush- 
ing and overthrusts on a grand scale. No clue is given to the geological 
(late of the rocks, but as specimens of shells yet living in the adjoining 
sea were found in recent strata on the sides of the mountain the conclu- 
sion is reached that its elevation must be very recent. Indeed, Mr. Rus- 
sell says that in his opinion the glaciers took possession of the ground 
at once, leaving no interval for the action of stream-erosion. 

The hight of the limit of perpetual snow is given at 2000 feet and 
some of the glaciers are fifty miles in length. Many of these unite to 
form the great Malaspina glacier with an approximate area of loOOscjuare 
miles and lying at an elevation of about 1500 feet. This glacier de- 
bouches on Yakutat bay and the Pacific ocean between which and the 
ice Intervenes a wide drift-covered area partly overgrown with timber. 

Mr. Russell calls special attention in his concluding paragraphs to the 
marginal lakes which are formed at the hight of a thousand or fifteen 
hundred feet, wherever the drainage is blocked by the ice and to the 
deltas and terraces that are formed on the edi^es bv these lakes which will 
be left, he says, high on the mountain side when the glacier melts awaj*. 
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The hight of this mountain which has been so long in doubt has 1)eea 
measured by Mr. Russell as closely as was possible with the means at 
his command, and found to 1)e 18,100 feet, with a possible error of 100 
feet. This, with one exception, that of the U. S. Coast Survey, which 
gave 19,500 feet, is the greatest hight that has been assigned to this 
peak. Other estimates have varied from 12,672 feet upwards. Its posi- 
tion as determined by Mr. Russell is jast within the U. S. frontier and 
he calls it a comer monument of the national domain. 

Parka deHpientt by Sir J. W. Dawson and Pkof. 1). P. Pkn hallow. 
In a memoir presented to the Royal Society of Canada this problematic 
organism is well discussed by both these writers. Parka so well named 
dedpiem has been an object of controversy ever since its first description 
in 1831. Regarded by Dr. Fleming as a seed this view was confirmed by 
later observers, especially by Hugh Miller. Then the opinion was ad- 
vanced apparently by Lyell, that tliese bodies were the eggs of some mol- 
lusc such as Natica, or of some crustacean nuch as Pterygotus, the latter 
of which was freiiuently found in the same beds. Other writers fol- 
lowing these adopted apparently without original investigation, the same 
view. Having received from Scotland some fresh specimens of Parka, 
these were made the subject of a careful investigation by the two botan- 
ists named, and their deliberate condusioa reverses the latter and recurs 
to the earlier view of their nature. .ludirini? from tlie statements that 
they make, and the figures given therewitli, little room for doubt re- 
mains as to the accurac)' of this determination. They make the species 
and two varieties inrdia and minor. 

In another pamphlet reprinted from the Canadian Record of Srience, 
Prof. Penhallow establishes also on material received from Scotland the 
genus ZoiterophyllHUf with one species Mi/n'toniannni, found associated 
with Parka deripiens in Devonian rocks, in C'uithness. Ho also describes 
a Lyropodites (milleri) from the same beds. 

Prof. Penhallow also describes in the same transactions two specimens 
of semifossil wood from the Post-glacial ])eds of Illinois. To one of 
these he applies the name (^nerrnn niarrymta from Prof. Many of Kvans- 
ton, who sent him the material and to the other that of Pinn t ntnatoni 
from the place where both were found. The ])ine occurred in a thin 
layer of peat Immediately overlying the boulder-clay, and apparently in 
the place of its original growth. The oak lay at a higher level iu sand, 
and had probably been tloatcd to the place. lioth trees were in the 
lowest of the three lake-ridges at Chicago, near the spot from which 
some years ago the bones of a mastodon were exhumed. 

AUitudts beticern Lake St/jieri'tr and the Jiorky Mountains. IJy Waiiken 

UeiiAM. pp. 22(». (Bulletin No. 72, l*. S. (Geological Survey, 181)1. IMce 

20 cents.) The altitudes of railway stations, summits, bridges, an<l low 

and high water of streams are here tal»ulated, with distances in miles 
and tenths, compiled fnun the profiles of about Is.oOO miles of railway 

lines in Minnesota, North and South Dakota, Montana, and portions of 
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adjoining states, with the entire system of the Canadian Pacitic railway, 
and its connections from Port Arthur to the Pacific. Series of altitudes 
along the course of the principal rivers are also arranged separately 
in tabular form, including the lowest and highest stages of the Missis- 
sippi and Missouri rivers, during many years at stations along all their 
course, as determined by the Mississippi and Missouri River Commis- 
sions. The basis of reference throuyjhout is the mean sea level. 

Tht ViscoHity of Solids. By Caki, Bauus. pp. 139 ; with 6 plates, 
and 28 figures in the text. ( Bulletin No. 73, U. S. Geol. Survey, 1801. 
Price 15 cents ) This treatise is a contribution toward the solution of 
questions bearing on the viscosity of rock masses, following a general 
plan devised by Mr. Clarence King. The experimental investigation of 
the viscosity of steel leads the author to believe that he has discovered 
a reliable worl<ing hypothesis substantially corroborative of Maxwell's 
theory on this subject. 

Tht MinentU of North Carolina. By Fuederick A. Gextii. pp. 
119. (Bulletin No. 74, U. S. Geol. Survey, 1891. Price, 15 cents.) Since 
the publication of the latest previous catalogue of the minerals of this 
state in 1881, there has been great activity in the development of its 
mining: and by the reopening of old localities and the discovery of new* 
deposits, a considera1)le number of species have been added. The 
author states that" minerals formerly supposed to lie rare are now found 
abundantly, and through the recent developments of chemical industry 
even such unusual species as samarskite, monazite and zircon have 
accjuired commercial importance. For example, in response to an in- 
dustrial demand, North Carolina has supplied zircon and monazite by 
the ton, and samarskite i»y the hundred weight: and the output can be 
increased almost indefinitely.*' Many new analyses are presented in 
this memoir. 

Htrord of North Ameriran Geolnyy for 1887 to 1889, ineUmirt By 
Nei.so.v Horatio Dauton. pp. 173. ( Bulletin No. 75, U. S. Geol. 
Survey, 1891. Price 15 cents.) The scope of this record includes Geo- 
logic publications printed in Nortli America, and publications relating 
to North American g*'ology wherever printed. The entries, which are 
all arranged in a single alphal>etic sequence, (comprise authors' names, 
with full titles of separate papers and concise descriptive notes of their 
contents ; titles of journals, state and national government reports, etc., 
under which authors and short titles of the contained papers are given : 
and subject references, which are geographic, stratigraphic, and mis- 
cellaneous. 

.4 DiHionary of Altitudes in the United States (second edition). Com- 
piled by Henry Gannett, Cliief Topographer, pp.393. (Bulletin No. 76, 
U. S. Geol. Survey, 1891. Price, 25 cents.) This work contains consider- 
ably more extensive <lata than its earlier edition, which was published in 
1884 ; tlie additions being mainly altitudes determined by railroad sur- 
veys. It Is also more convenient for reference, as all the points noted 



lit'tuet/^ of lif'cent (ieoloijlcal Li f era fun-. -^4^5 

are arraDged in a single alphabetic list, instr^ad of the former 8e])Hrate 
grouping for each state and territory. 

Trareh Amongst the Great Ami en of the Equator. Hy Ph) ward Why M- 
PER. pp. xxiv, 456 ; with four maps, 20 full page illustrations, and 118 
figures in the text. (New York : Charles Scribner's Sons, 1892.) In 
this ver}' interesting narrative of the author's mountain climbing in 
Equador, the geographer, geologist, archji'ologist. meteorologist, botan- 
ist, and zoologist (especially the entomologist), encounter many valuable 
scientific notes. Mr. Whymper found that a stay during several days 
at high altitudes accustomed him to endure the rarified atmosphere 
with less discomfort. Mercurial barometers were used for the determi- 
nation of the great hights of Chimborazo (20,498 feet), Cotopaxi (19,01:^ 
feet), Antisana ( 19,335 feet;, Cayambe (lt»,186 feet ), and the other some- 
what less lofty volcanic cones of this portion of the Andes. The best 
aneroid barometers were found to be verv unreliable at the altitude of 
Quito (9,350 feet), and during all the high ascents, so that they reciuired 
careful comparison with the mercurial column for learning tlie irregular 
variations in their index-errors. 

The tjenvs Lituiteg^ Breyn.- Dr. Gerli&rd Holm i)ublislie8 in the Pro- 
ceedings of the Geological Society of Stockholm (Vol. 1,*{, pp. 786 et al.) 
a valuable contribution to this genus, especially so far as relates to the 
lobes. He was fortunate enough to obtain some beautifully preserved 
specimens of L, litnus Mont., L. tenumuUff Hem. and some other forms, 
among which is one new one [L. tfisrorf^). lie finds that there are in com- 
plete specimens no less than five lobes, with the excejition of L. diacors 
Holm, in which there are thre«* lobes, and L. pnicnrre}^^ in which there 
are only two. There is, however, some doubt about this last sp«'cies, and 
it may probably have to be referred to another genus. 
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/. State iihO Qortrnnnni Ufin'i'tx. 

Indiana. Department of (Geology and Natural History. Sixteenth 
Annual lieport. Maurice Thomi)soii, State (Jeoloirist. 1!^><8. i)p. 472, 
10 plates and Natural Gas Maj). lndiana])(dis, 18^9. 

Bulletin of the V . S. National Museum, No. 42. A Preliniiiiary De- 
scriptive Catalogue of the Systematic Collections in Economic (leoloiiy 
and Metallurgy in the ^luseum, by F. 1*. Dewey, pp. 2r)(; with jtlati's. 
Washington, 1891. 

Report <m the Coal Measures (d the Plateau Ue.izion of Ala]»ania, ])V 
H. McCalley; with a Kei)ort on the Coal Measures of 'Hl()unt county, l)y 
A. M.Gibson, Geoh)gical Survey of Alabama, pp. 2:iS, with map and 
secticms. Montg(mu?ry, 1891. 

Geoloffical and Natural IIist(»rv Surv«'\ of Minnesota. Ninetfeuth 
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Annual Report, for 1890, by N. H. Winchell. pp. 255 with illustrations. 
Minneapolis, 1802. 

//. Proceedings of ScXeniifie Societies, 

The Journal of the Cincinnati Society of Natural History, Vol. xi\% 
Nos. 3 and 4 contain: Manual of the Paleontology of the Cincinnati 
Group, by Jos. F. James; Description of some Subcarboniferous and 
Carboniferous Cephalopoda, by S. A. Miller and Chas. Faber. 

Proceedings of the Philadelphia Academy of Natural Sciences, 1801, 
Part in contains: Notes on some little known American Fossil Tor- 
toises, by Dr. 6. Baur; A new Meteoric iron from Garrett Co., Md., by 
A. E. Foote; Preliminary Notice of some Minerals from the Serpentine 
Belt, near Easton, Pa., by John Eyerman. 



CORRESPO:?sDEi:sCE. 



The Deltas of the Mohawk. — Pending further investigation, per- 
mit me to make the following brief preliminary statement relating to 
observations bearing on the origin of the terraces of the Mohawk valley 
and the Iroquois beach. 

The terraces of the Mohawk valley are strongly developed, especially 
along its north or Adironack side. Each terrace is associated with some 
tributary of the Mohawk. More and longer streams enter from the 
north than the south, and they tlow down steeper slopes and have greater 
transporting power. Each terrace is built up about the mouth of a 
stream in the form of a delta, as though the stream had entered a lake 
or estuary of still water. In a few instances where there is a consider- 
able distance between the larger tributaries there is no terrace. In 
general, the magnitude of the terraces appears to be proportional to the 
size of the streams which made them. The long heavy terrace below 
Herkimer appears to be the delta of Canada creek, which is the largest 
tributary from the north. This great deposit choked the Mohawk valley 
from side to side for a considerable distance, and was probably the 
agent which turned the river out of its old bed and forced it over the 
rocky ledge at Little Falls a few miles below. 

If these terraces are in fact deltas, then the water in which they were 
made must have been either a lake or a marine estuary. Prof. Merrill 
has already described estuarine deltas along the Hudson from New York 
city to Fishkill, rising toward the north, and then again at Albany and 
Schenectady at an altitude of 340 feet. If the old Hudson marine estu- 
ary reached Albany it was probably continuous with the post-glacial 
submergence of tlie Champlain basin. In this event it is hard to see 
how the Mohawk valley could have escaped being a marine estuary also. 
If it was, then the great deposits near Albany can hardly have been 
made by the Mohawk, but are probably the delta of the upper Hudson, 
This explanation comports best with the delta-form terraces of the Mo- 
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hAwk which were plainly formeil in the nine ^vmter body. The upper 
Hudson is hy far the largest stream descending from the Adirondacks 
and would naturally build a correspondingly large delta. 

At Rome the level of the Iroiiuois beach projected into the Mohawk 
▼alley appears to find a perfect continuation iu the water-plane in which 
the terraces were formed. If the Mohawk was a marine estuary and had 
free connection with the Iroquois basin on the level of its great l>each, 
it seems natural to conclu<le that the Irociuois beach is also of marine 
origin. No doubt a great glacier-dammed lake once tilled the Ontario 
liasin and had a river outlet past Rome down the Mohawk. But a ma- 
rine inx'asion of later date may have obliterated its marks and built up 
over them the present estuarine deltas of the Mohawk and the Iroquois 
beach. The fall of 100 feet in the old water level from Home to Schen- 
ectady is not necessarily the fall of a river, but is probably a part of 
the general ncrthward rise, or a mere local variation. What I have seen 
thus far indicates that the terraces of the Mohawk are estuarine deltas 
and not true river terraces. F. Bursi.ky Taylok. 

Fort Way lie, Ind., April 9, 1S92. 

A Correction, Note on the Paper on Deroninn Itockn of Buchanan 
County, lotea, in the American Geoloyist for September, 1891- -lu tlie paper 
mentioned in the title of this note I made the statement that beds of 
brecciated limestone lie at the base of the Devonian series in Buchanan 
county, Iowa, and that this was su<;('eeded by the Independence shales. 
The Independence shales were originally exposed by putting down a 
shaft in the bottom of what is known as the old Kilduff ([uarry, near In- 
dependence. In this shaft, beds containing Oyroreran and Gypiilula were 
found immediately overlying the shales, but none of the beds showed 
any signs of l>eing brecciated. Beds of brecciated limestone are ex- 
posed in the l)ed of the river below the bridge at Independence, and it 
was concluded that since no such beds were found abovt^ the shales at 
Kilduff's, the breccia must lie below them. Subsequent observationss, 
made more thoroughly and in detail, revealed this state of iiffairs: The 
Gyroceras beds to a thickness of twenty feet or more, have in general, 
over an area reaching at least from Fayette to Troy Mills, been broken 
up, and the angular fragments re-cemented to form the brecciated lime- 
stone so conspicuous at many widely separated points witliin the Devon- 
Ian area of Iowa. The beds affected were not entirely converted into 
breccia, for it is occasionally found to be the case tliat over patches sev- 
eral rods in diameter the Gyroceras beds, with their associated layers, 
retain their original position undisturbed. It would seem tluit the shaft 
at the Kilduff quarry passed through one of these undistur])e<l patclies, 
and so led to the conclusion that the breccia exposed at tlie ])ridge in 
Independence could not be above, but must lie beneath, the sliules. Tliose 
who are interested will kindly note tliis correction in connection witli 
the article in the GEOuxiisT, Vol. VIII, p. 142. 

A few points have been found where the shales, by a little digging, 
may be seen beneath the breccia. S. Calvin. 
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PERSONAL AND SCIENTIFIC NEWS. 



Topographic Map of the United States. — Mr. Henry Gan-' 
nett, Chief of the Topographic work of the Ignited States Survey^ 
is the author of an elegant suite of maps of the United States re- 
centl}' printed l)y tlie survey. Last year he issued a limited edti 
tion of a large map of the series in nine sheets, which recen 
have been reprinted in a reduced scale of 30x20 inches upon 
single sheet. 

The map is intended primarily to show the hypsometric KOa! 
drainage features of our country, with a minimum of political 
features, only sufficient to enable the natural features to be 
located. The altitudes are shown by contour lines printed in 
brown, the streams in blue and political features in black. Va- 
rious editions are issued showing either one, two or all these 
features, and are artistically and beautifully printed. 

These maps are an invaluable addition to the cartography of 
our country, not only for their educational value, but as appro- 
priate bases for the platting of physiographic and geologic data of 
every kind, and Mr. Gannett has done a service to science by 
their preparation. 

Prof. H. S. Wm.ijams, professor of geology at Cornell Uni- 
versity has accepted the chair of geology at Yale University. 

Prof. James K. Todd, of Tabor, Iowa, has been elected pro- 
fessor of geology ant^mineralogy at the University of South Da- 
kota, Vermillion. 

Mr. Robert ETUERiDciE, well known by his paleontological 
lal)ors during many years of active work on the geological survey 
of Great Britain, has retired with well-earned honors, and his 1 
place as assistant keeper of the geological department of the ^ 
British Museum has been filled by the appointment of Mr. A. 
Smith \Yoodward, author of the catalogue of fossil fishes in the 
British Museum. Mr. AVoodward's name is alreadv well known 
among paleontologists in America, as he visited this country 
about two years ago, and remained for several months. 

A Geolooical Survey for Iowa has been provided for by a bill 1 
recently piussed ])y the State ijcgislature. l^^or the support of the '^ 
survey for the next biennal period the bill appropriates twenty • 
thousand dollars. The Geological Board will consist of the Gov-- \ 
ernor, the State Auditor, the President of the University, the 
J^resident of the Agricultural College, and the President of the 
Iowa AcadcMuy of Science. '' 

A coi'RSE OF University Extension Lectires on World ' 
M<ihiuff has been given at Davenport, Des Moines and Iowa City, 
by i)rofessors from the State Univei*sity of Iowa. The success 
attending these lectures shows that the intelligent public may 
easily ))eoonie deeply interested in geological problems. 
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THE DOUBLE MOUNTAIN SECTION. 

(Plate VIII.) 

By E. T. DuMBLK and W. F Cummins, Austin, Tex. 

In parsuance of the work of the survey, in making a section 
across the Permian strata of Texas, we left Abilene earlv in Octo- 
ber, 1889, and traveled north and a little east to the contact of 
the Carboniferous and Permian, on the Clear fork of the Brazos 
in Throckmorton county. From here we turned directly west 
crossing the Permian beds to the Double mountains, where we 
expected to find the contact between the underlying Permian and 
an}' Triassic or Jurassic beds which might occur, and the overly- 
ing Cretaceous. While we found no Jurassic, the section of these 
moantains is nevertheless of interest, since it is the most northern 
point in this northwestern portion of the state at which the beds 
of the Lower Cretaceous are exposed, and the most easterly ex- 
posure of the Trias which we have been able to recognize. 

The "Double mountains are situated in the southwestern corner 
of Stonewall county between the Double Mountain fork and the 
Salt fork of the Brazos, just south of the thirty-third parallel of 
latitude, and in longitude 100^ 25'. They consist in reality of 
three peaks or buttes, one of which, however, is so situated with 
reference to the other two as to be invisible on the approach from 
the southwest in consequence of which they have received their 
name. Two of the peaks present the usual butte structure so 
characteristic of the Cretaceous hills, when capped with the Ca- 
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prina limestone. The third, however, is a true peak in form, the 
hard limestone having been eroded from its top. Lower down 
the different beds of massive gypsum form benches around the 
side of the mountains and the clays which form their bases have 
been washed into innumerable canons which are often entirel}* 
impassable. 

Salt creek, a branch of the Double Mountain fork, is located 
about four miles east of the mountains. From this creek, which 
is the beginning of the ascent, to the summit of the highest peak, 
is by barometric measurement eight hundred and forty -five feet, 
of which amount three hundred and twenty feet are passed before 
the ascent of the mountain proper begins, giving it an elevation 
of five hundred and twenty- five feet above its immediately sur- 
rounding country. 

Climbing the successive ledges of sand, gypsum, clay and 
limestone until the summit of the mountain was reached, we ob- 
tained a view embracing many miles of the country. It stretched 
out before us gently undulating, open, without timber save here 
and there a scattering thicket of mesquite. The Salt fork to the 
north and the Double Mountain fork to the south wound their 
ways eastward toward their junction as slender threads of yellow- 
ish red. Very few evidences of settlement were to be seen. On 
the fiats were many water-holes filled by the recent rains, and cat- 
tle could be seen scattered here and there in all directions. To 
the south, probably as much as twenty-five or thirty miles, a 
series of flat topped hills were seen stretching along the horizon, 
while to the west, at a very considerable distance, there were 
three or four buttes of similar form to that on which we were 
standing, and which we took to be Mt. McKinzie and its neigh- 
bors. These were backed by the blue scarp of the Staked Plains. 
Kiowa peak, some thirty miles to the north, was invisible. 

GENERAL SECTION. 

Sectioa of the eastern peak of Double mouDtain, beginning at the top: 
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1. Caprina limestone 40 feet 

2. Comanche Peak series 65 ** 

S.Trinity -5 ** 






8a. Dockum 35 " 
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» I 4. 8haly clay, underlaid by red or terra-cotta 

< sandstoae 1 05 feo\ 

J i 5. Upper Gypsum l)ed8 6<) *• 

3 I 6. Middle Gypsum beds 75 " 

^ [7. Lower Gypsum beds 135 



ifc 



CRETACEOUS. 

i. Caprina Limestone. 
The Caprina limestone which caps the mountains has a total 
thickness of forty feet. It is deeply fissured in places, and the 
rapid erosion of the softer underlying materials has scattered its 
debris down all sides of the mountain. In structure, it presents 
the asual characteristics of this limestone and on the surface often 
shows a ferruginous weathering of the Caprina so common in 
western Texas. The rock in this locality contains many Uippurttes 
of large size, and the Caprina forms found in it are varied and some 
of them heretofore unknown. They have, however, since been 
found in rocks of the same horizon, in an exposure on Barton 
creek near Austin, and also at other localities in Western Texas. 

2. Comanche Peak ^Serifs. 
The rocks of the Comanche series are here separable apparently 
into three distinct divisions, the upper of which is a series of im- 
pure argillaceous limestones having an entire thickness of twenty 
feet, the top being much more shaly than the bottom. The fossils 
are very numerous and well preserved, but diligent search failed 
to show a single Grypluea jiltcheri in it. The second division is 
somewhat similar in composition but more indurated and is of 
a yellow color. Some of the fossils in this bed had been altered^ 
into calcite. In it we found very few specimens of Gryphwa 
pitcher i The third division consists of a shaly limestone con- 
taining a great abundance of very small fossils overlying a marh' 
limestpne, which is in turn underlaid by the Gr^-phaea conglom- 
erate, which here as elsewhere is almost a solid mass of individ- 
uals of this species. The fossils throughout are abundant and 
well preserved, and correspond in the main with those of typical 
sections farther east. 

3, Trinity Beds. 
Immediately underlying the Gryphva conglomerate is a bed of 
yellow sand alx)ut ten feet in thickness, which at the time of 
making the section was considered as the upper portion of the 
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Trinity sands. It differed, however, from the beds previously 
referred to this horizon in Texas, in the fossils which were found 
in it. These consisted of an oyster which differed from 0, frank- 
h'ni Coquand, and is now recognized as a new species, Pleurocera 
strortihiformis Schloth, Exogyra texana Roemer, Gryphcea pitch- 
eri Mort. The association of these fossils in this way had not 
been reported previously, and in order to be certain of their ex- 
istence together in the same stratum we dug into the bed far 
enough to prove it absolutely. Since later investigations have 
shown the '* Alternating Beds" to be a part of the Trinity sands, 
and the fossiliferous part, and that at their thinning out on the 
northern border the fossils still continue for a limited distance in 
a calcareous sand, this bexl would seem to indicate a similar con- 
dition at this locality, and that it should be referred to the '<A1- 
ternating Beds" of the Trinity division. Otherwise it would ap- 
pear to be a transition bed between the Trinity sands and the 
Comanche group. 

Underlj'mg the yellow sand are twelve feet of purple and mot- 
tled sand which are very gypsiferous, and below them we find a 
bed of cross bedded indurated sands. A few bright colored peb- 
bles are scattered through this bed and seem to be of somewhat 
larger quantity toward the base. In this bed are also found the 
botryoidal layers of sandstone so often observed in the same beds 
to the east. 

Sa. Trias ft ic. 

The basal crossbedded sands of tne Trinity rest with slight un- 
conformity upon a series of purple, red and mottled sands which 
pass at the bottom into a conglomerate of bright colored pebbles. 
The same bright colored pebbles are found scattered through the 
bed from bottom to top singly and in nosts or even forming thin 
strata in places. Although in the original section it was referred 
io the Trinity, the character of the material is now known to be 
identical with that described under the name of Dockum beds 
in the first annual report of this survey, and it is, therefore, 
referred to the Triassic, although we were unable to find fossils 
at the Double mountain locality such as occur in the beds near 
Dockum. 

These beds have a total thickness of thirty-five feet. 

All of the deposits included in the Triassic and Cretaceous have 
a slight dip towurds the southeast. 
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Jf.. Permian, 

Underlying the conglomerate last mentioned but separated by a 
bold unconformity we find five feet of shaly clay dipping toward 
the northwest. It is underlaid bv a red or terra-cotta sandstone 
somewhat mixed with clay toward the top and bedded in layers 
which vary in thickness from one foot to an inch or less. There 
are one or two thin seams of impure limestone imbedded in the 
sand, but although most careful search was made for fossils none 
were found. 

5. Gypsnni Beds. 

The red, or terra-cotta, sandstone rests directly upon the upper 
gypsum beds which consist of an upper layer of gypsum under- 
laid by yellow and red sandy clays or shales which are much cross 
bedded. Gypsum also occurs throughout the clays. 

6. Middle Gypsum Beds. 

These consist also of an upper layer of massive gypsum more 
than ten feet in thickness, which is underlaid by a series of red 
and blue gypsiferous clays and shales. 

7. Lower Gypsum Beds. 

Massive and shaly gypsum varying in color from white to rose 
red, underlaid by thin bedded sandy clays and shale with gypsum. 

There was some difference in dip noticed between the throe beds 
of gypsum. However, with the amount of detritus which occurs 
on the side of the mountains and the constant suberosion which is 
going on, such appearances cannot be tiiken as representing the 
true dip of the beds, which all dip probably to the northwest, 
except the Triassic and Cretaceous which dip distinctly lo the 
southeast. 

No beds were found which could in any way be referred to the 
Jurassic and since the accumulation of evidence seems to be in 
favor of the retention of the Trinity in the Cretaceous system in 
spite of the Jurassic affinities of certain of its ostrean forms it 
would seem that deposits referable to the Jura are entirely want- 
ing in Texas, at lejist etist of the Pecos river. 
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PROF. I. C. WHITE'S "STRATIGRAPHY OF THE 
BITUMINOUS COAL FIELD OF PENNSYL- 
VANIA, OHIO AND WEST VIRGINIA." 

John J. SrsvENSOMf New York. 

The geologists of the firat geological survey of ■ Pennsylvania 
labored under very serious disadvantages in the western part of 
the state; they had no barometers, not even good Locke's levels; 
much of the country was still wilderness; there were no railroad 
cuttings; even the cuttings made for the turnpikes had become 
covered with debris or sod ; coal shafts, except near Pittsburgh or 
some other large city were unknown; records of borings were 
tmdreamed of; where twenty coal pits are open now, there' was 
barely one then. Remembering these disadvantages, we are not 
surprised by defects found in the work of the older geologists, 
but we are astonished at the wonderful skill with which the struct- 
ure was worked out and at the accurac}' characterizing most of 
the detailed examinations. But too often the distance between 
one good section and the next was so great that identifications 
were sometimes made at hazard, so that a feeling of uncertainty 
prevailed respecting the true relations of different parts of the 
Coal Measures column. 

For this reason, prior to the work of the second geological 
survey of Pennsylvania, great difficulty was experienced in mak- 
ing comparisons of the Ohio, Pennsylvania and West Virginia 
sections; Newberry made identifications of the lower coals of 
Ohio with the lower coals of Pennsylvania ; the writer did the same 
for the upper coals of those states and offered some suggestions 
respecting the relations of the West Virginia beds to those of 
Pennsylvania. The groupings and identifications were quite as 
good as could be expected under the circumstances; for which 
reason, doubtless, they have been permitted to rest in the peace 
of oblivion for iiliout twenty years. But the excellence of the 
work done by the older Pennsylvania geologists as well as by 
those of the Ohio survey was discovered when the 2d Pennsj'l- 
vania survey undertook the correlation: for, after Prof. 1. C. 
White had completed the work along the state line and had cor- 
rected the defects in the work of those who had preceded him, he 
found no difficulty in utilizing the material gathered by his pre- 
decessors. His memoir, lately issued as a bulletin of the U. S. 
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geological survey, is merely a more extended bit of work like 
that done for the Ohio state line in Pennsylvania. " 

This synopsis of the bituminous coal field is no mere com- 
pilation. Prof, White's work began in 1875, when, as the writer's 
aide on the 2d Pennsylvania survey, he worked out the highest 
rocks of the Appalachian area, and secured the knowledge which 
has made him an authority on the serifes above the Pittsburgh 
coal bed; afterwards he unraveled the tangle along the state 
line; his economic investigations in later ^'ears compelled the 
underground tracing of the beds in oil-borings and the study of 
outcrop lines and cross sections in West Virginia far more in de- 
tail than could be required under ordinary conditions. To utilize 
his material it was necessary to connect with the Ohio survey and to 
make use of its work. The compact statement before us presents 
the summary of facts obtained during fifteen years of fi*^ld work. 

The author's division of the Carboniferous into 

Upper, with alternations of fresh and brackish water. 
Middle, with alternation of marine and freshwater conditions, 
Lower, wholly marine. 

answers well for the greater portion of the Appalachian area and 
appears to answer, with rare exceptions, for the region under con- 
sideration, the only exception being in southwestern Pennsyl- 
vania, where marine fishes found their way far north at a late date; 
hut this cannot be regarded as militating against the general con- 
ditions described by Prof. White. The memoir treats only of the 
Upper and the Middle Carboniferous, wnich are divided into; — 

XVI. Permo-Carboniferoiis — Dunkard Creek series. 
XV. Upper Coal Measures — Monon ahela River series. 
XIV. Barren Measures— Elk Hiver series. 
XIII. Lower Coal Measures — Allegheny Uiver series. 
XII. Pottsville Conglomerate. 

The line between Middle and Upper is drawn almost midwa}' 
in XIV, the Lower Barren Measures of the older geologists. The 
grouping is that presented by the Rogers brothers more than half 
a century ago. 

A chapter is devoted to each series, in which Prof. White gives 
a resume of characteristics of the series as a whole, which is fol- 
lowed by vertical sections, so numerous and in such detail as to 
leave no room for doubt as to the accuracy of the identifications. 
The last portion of the chapter describes the more important mem- 
bers of the series. 
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The dlscuseiion of the Permo-Carboniferouj is based chiefly on 
studies made in Pennsylvania and West Virginia, the references 
to Ohio sufficing merely to show the extent of the area in that state. 
The remarkable flora in the roof shales and partings of the 
Wa\- nesburgh coal bed in southwest Pennsylvania and the northern 
part of West Virginia is briefly described. It was determined by 
Fontaine and White, who showed its intimate relation to the Per- 
mian flora of Europe. The exact relation of this upper portion 
of the Appalachian column to the section west from the Cincin- 
nati axis has \'et to be determined; and the problem is compli- 
cated in many w^a^'s. The writer is inclined to think that the 
Permo- Carboniferous beds of southwest Pennsylvania are con- 
temporaneous with the upper part of the Upper Coal Measures 
within the Mississippi -Missouri region as well as with the Permian 
of Texas. Long after the appearance and after the practical dis- 
appearance of this flora within the Appalachian region, an incur- 
sion of the sea brought Khizodus from the outer ocean, so that 
scales of that fish are abundant in the shales accompanying the 
Blackville limestone at 120 feet above the Way nesburgh coal bed. 
But this in no wise affects the cardinal point in the case ; the pres- 
ence of the plants attests that a portion of the Upper Carboniferous 
in this area is contemporaneous with the Permian of Europe, in 
so far a.s the testimony of plants can be taken in detail respecting 
a time when passage from the old into the newer had begun. So 
that now, there can be no doubt that our American Carboniferous 
represents the whole of the age as known in Europe, though, ap- 
parently, no change occurred in the American ocean or seas such 
as to justif}' the separation of the Permian as a distinct division 
of equal importance with our lower or upper Carboniferous. 

Prof. White's grouping of sections shows noteworthy variations 
in the southern limits of the principal beds of the Upper Coal 
Measures. The southern limit of the Pittsburgh and Waynes- 
burgh pnictically forms a northward loop around the Volcano 
anti-cline, so well known as the line along which oil wells have 
been productive in West Virginia and Ohio for more than twenty- 
five years. The series is persistent here but the coals are want- 
ing. The sections of the Lower Coal Measures show a similar 
east and west loop in the Upper Freeport extending from Law- 
rence county of Kentucky into Raleigh county of West Virginia. 

The Barren Measures receive careful treatment; the description 
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shows remarkable uniformit}' of the general conditions over a 
gTirat area, for the total thicknes? varies little in the southern 
counties of Penn3\lvania and for a Ions: distance southward in 
West Virginia; while the more important beds are as persistent as 
similarly important beds in the Lower Coal Measures; at the same 
time the thickness of intervals and the character of the rocks 
filling them show changes more abrupt and more striking than can 
be observed in any other portion of the column. 

The details respecting the Lower Coal Measures and the Con- 
glomerate Measures are of the utmost interest; some of the iden- 
tifications in West Virginia are startling, but there seems to be no 
ground whatever, for taking exception to their accuracy. Nearl}* 
all of the material respecting West Virginia is new. 

But it is impossible within the limits of a notice to give a 
synopsis of a memoir, wliich is itself synoptical, a series of pre- 
sentations rather than a series of discussions; so that those in- 
terested in the bituminous area must be referred to the memoir 
itself. Those who have much to do with economic work will find 
this a more than useful handbook to expedite their explorations; 
those who have made careful studies in detached portions of the 
area will feel grateful for the systematic joining of those portions, 
even though it be done at the sacrifice of som^ cherished conjec- 
tures. Prof. White's treatment of his colleagues in this field is 
suflftciently comforting: he has ignored our faults and has ob- 
serfed our virtues — more than once to tho extent of labeling good 
work of his o.vn with the name of another. 



NOTE ON THE DIF FERENCES BETWEEN ACER- 

VULARIA PROFUNDA HALL AND ACERVU- 

LARIA DAVIDSON! EDWAKDS AM) IIAIME. 

By S. Calvin, lowji City. 

The original description of Arrrt'ttlnrin pro/uudn Hall is found 
in Hairs Report on the (geological Survey of Iowa, published in 
1858. The specimens on wiiich the species was lounded can:e 
from near Independence in Buchanan county, Iowa. In the same 
report professor Hall, not without some hesitation, identifies an- 
other form found abundantlv throuj/hout the Devonian area in 
Iowa, with An'rvnlarui (favifhoni Edwards and Haime. This, so 
far as I have been able to ascertain, was the first time the name 
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had been employed in a work published in America; for although 
Edwards and Haime's specimens came from near Jeffersonville, 
Indiana, the description of Acervxdaria davidsoni appeared in the 
great monograph of the authors, published in France. 

It should be noted that near Jeffersonville, Indiana, there oc- 
curs another form which authors, following the example of Ed- 
wards and Haime, usually refer to CyathophyUum ritgosum Hall. 

The three species mentioned above, as recognized by every one 
who has handled them, are somewhat closely related. Dr. Rom- 
inger in Geology of Michigan, Vol. iii, page 107, is disposed to 
regard them all as but varieties of one species. The Acervularia 
dacidgnni, as it occurs in Iowa is somewhat sharply defined 
from either of the other two, while A. profunda exhibits a very 
intimate correspondence as to structure with CyathophyUum rugo- 
sum from the falls of the Ohio. 

Comparing A. profunda with A. davidsoni we may note that it 
differs in the appearance and mode of growth of the corallum, in 
the greater tendency to independent grow h of corallites, in the 
size of the corallites, the shape of the calyx, the thicker, non- 
corrugated wall by which the individual corallites are bounded, 
the almost entire absence of an inner pseudo-wall defining a cen- 
tral area, and the thinner septa with more numerous and more 
conspicuously developed carinae. 

The A. profunda is a much courser looking species than A, 
davidsoni. Its lower surface is never as smooth and flat as is 
that of most coral la of the other species from Iowa. This sur- 
face is traversed radially by the outer corallites which stand out 
as strong transversely wrinkled ridges, sometimes almost entirely 
free from union with contiguous corallites. All the corallites 
show a remarkable tendenc}' to independent growth, so that in 
some specimens a large proportion of the whole number of cor- 
allites stand apart on the upper surface of the corallum from those 
adjacent, and are individually covered externally with an inde- 
pendent epitheca. In certain modes of preservation the corallites 
are even separable into wrinkled, polygonal prisms that exactly 
imitate a very common condition in CyathophyUum rugosum. 

In the region from which Hall's type comes, the corallites of 
A. profunda are on the average somewhat larger than those of A. 
davidsoni. It is true that the corallites of both species vary with- 
in very wide limits, an I it is therefort. quite possible that the 
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saperiority in size of A, profunda may not be maintained in all 
localities. In the Paleontology of Ohio, Vol. ii, page 240, Dr. 
Nicholson describes a form under the name of Acervxilaria pro- 
funda Hall, that is distinguished among other things by having 
the corallites smaller than in A. davidsont. 

The shape of the calyx is markedly different in average speci- 
mens of the two species. In ^. profunda the calyces are sepa- 
rated by relatively thin partitions owing to the manner in which 
the sides of the cup slope abruptly downward and inward from 
the margin; the septa are thin and have conspicuous, crowded 
carinse which are as fully developed near the margin of the calyx 
ad around the central area, particulars in respect to which they 
are in marked contrast with the septa of A. davidsoni. The 
septa differ still further from those of A. daridsoni in having more 
of their edges free and in having their pdges beautifully dentic- 
ulated. There is but little thickening of the septa to form a 
pseudo-wall around the central area; indeed this feature is, in a 
very large proportion of cases, wholly wanting. The secondary 
septa are nearly as long as the primaries and often become coa- 
lesced with the primaries inside the central area. 

Acervvlnria davidsoni Ed. and H., has a much wider geo- 
graphical range in Iowa than A. jyrofiuida Hall. The area in 
which A. 2)rofunda occurs is nearly all included in parts of Buch- 
anan and Blackhawk counties, while the area over which the 
other species is distributed is many times greater. As pointed out 
in the Geologist for September, 1891, .4. profunda is not associated 
in the same beds with^. davtdsoui, but occurs uniformly at a hori- 
zon a few feet lower. Outside the area occupied by .4. profunda its 
place seems to have been taken ])y FhilUpscstrea gii/as Owen. At 
least this last species, while never very common, occupies the same 
relative position a few feet below the horizon at which A. david- 
soni is found, and so far as known it is not present in the region 
in which A. profunda attains its maximum development. 

With respect to the particulars in which .4. profunda differs 
from A. davidsoni it agreea essentially in structure with Cyatho- 
phyllum rugosum of authors, and it may therefore be regarded as 
the western representative of the last named species. If cari- 
nated septa have any generic significance, then Cyathophyllum 
rugosum is certainly not a CyathophyUum at all. Whatever may 
be the significance of the carina? and other peculiarities of struct- 
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ure, C. rugnsuiii and A. profunda must ultimately stand side by 
side in the same genus. 

Acer vhI aria da v id son i stands somewhat apart from both of the 
foregoing species in a number of partipulars. The calyces have 
a sharply defined central pit with explanate margins. In typical 
specimens the floor of the calyx^ except in the central pit, is 
almost on a level with the margin; the septa are thick, scarcely 
denticulated, with but a small portion of their edges free; the 
carina? are few and clumsy and chieflj developed in the region 
immediately surrounding the central area. Around the edgo of 
the central area both primary and secondary septa are conspicu- 
ously thickened, the carinas are also developed there better than 
elsewhere, the effect being to produce in polished sections the ap- 
pearance of a bi-areal coral with a central area bounded by a defi- 
nite inner wall. Under the magnifier this wall is never complete. 
The thickened septa and strongly developed carinse never quite 
coalesce, so that the outer area is nevei*, as in true bi-areal corals, 
perfectly shut off from the central space. At the margin of this 
central space the secondary septa all end more or less abruptly, 
and only the primary septa are continued as thin non-carinated 

lamellae into the central area. 

Acervularia davidmni is certainly con-generic with some of the 
species referred to Acervularia by Edwards and Haime and other 
authors. Whether or not it is generically related to the type 
species of the genus may be left an open question. So long as 
genera are mere artificial creations, without sharply defined nat- 
ural boundaries separating one from another, it will do no violence 
to facts, but will be a mattei of convenience and at the same time 
give effect to a recognizable structural difference, if we keep A, 
davidaoni apart from typical forms of the genus CyathojdiyUum^* 
and for the present at least retain it in the genus Acervularia. 
Along with A. davidsoni must go Acervularia inequalis Hall and 
Whitfield. Simply as a matter of convenience, but with less con- 
fidence as to the justness of the arrangement, we ma}^ add to the 
recognized species of Acervularia the ^1. profunda Hall, and the 
Cyathophyllum rugosuni Hall, as recognized by so many authors. 
The last two may yet, with perfect justice, be separated generic- 
all v from A. davidsoni. 

*i)r. Uoininger and Mr. W. J. Davis place tiiit* and related sp-ciea un- 
der the geuud C ydtfuiphyllum. See Geology of Michignny Vol. Hi y and 
Kentucky Fossi^ Corals. 
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THF KAWISHIWIN AGGLOMERATE AT ELY, MINN. 

N. n. WiNCHBLL, Minneapolis. 

It Has been stated that the gneisses and schists of the Archaean, 
in Minnesota, terminate upwardly by a great non-conformity with 
the overlying Taconic. It has also been shown that the upper- 
most member of the Archsean is the Keewatin, a series of schists, 
graywackes and variously reconstructed gneissic rocks. It has 
been shown, further, tliat the youngest member of the Keewatin 
is the pronounced * ^greenstone" stage, in which occur the iron 
ores of the Vermilion iron range in Minnesota. This phase of 
the Keewatin has been designated specially Kawishiwin from the 
Kawishiwi river, on whose upper courses these rocks are exposed 
in favorable position for study. It has also been shown that 
these rocks have been subjected to great pressure, upheaval, 
shearing and fracture, resulting in very tortuous structures and 
complication of physical features. 

It has been a subject of much study and no little variety of 
opinion, as to the origin of these greenstones, — are they plutonic 
rocks that have been subjected to **dynamic metamorphism" and 
thus caused to show the semi- decayed conditions that mark their 
mineral constituents, or are they sediments consolidated or 
* ^metamorphosed" so as to have lost their original structures and 
composition? Or, again, are they the result of a *'crenitic" pro- 
cess, as suggested by the late T. Sterry Hunt, by which they are 
the reliquiae of mineral waters circulating through the crust of the 
earth, left at the surface on evaporation? Or are they the rem- 
nants of the primary basic doleritic crust of the earth, produced 
by the solidification of the primeval molten mass? 

Thev are not the remnants of th^ first cooled doleritic crust be- 
cause they are younger than all the other stratigraphic parts of the 
Archaean. They are separated by many thousands of feet of strata 
from the basal gneisses which are called distinctively Laureutian. 
They arc not **crenitic" rocks, if the acid basal gneisses are 
crenitic, for they contain in predominating amounts those very 
elements which are first and easiest dissolved by heated waters, 
and which could not be left as reliquiae on evaporation — and also 
because in order to form tkese and the acid hasal gneisses there 
would have to be a reversal of the respective solubilities of the acidic 
and the basic minerals concerned, betw^een the date of the forma- 
tion of the gneisses and the date of the greenstones, which is 



360 TTie AmeH<xifi (r^iologist. june, iwi* 

hardly supposable in the light of the constancy of chemical 
affinities. 

We are driven back therefore to the same long-contested field 
for which the neptanists and the plutonists have contended since 
the days of Werner. 

In recent years a new phase has been put on this controversy. 
Like some other long-disputed questions it appears that it is likely 
that there is truth on both sides, and that complete havmony 
may be effected, perhaps, by a little compromising acknowledge- 
ment of wrong by both of the adversaiies — or at least hy the 
acknowledgment of right in each. There has grown up a more 
perfect knowledge of the nature of rocks since the microscope 
has been introduced into, lithology. Various differentiating 
characteristics have been established by which an unquestioned 
classification can be predicated, thus determining the origins of 
some rocks which before had been problematic. At the same 
time more careful field-work has been conducted in the crystalline 
rocks. Their major field-structures have first been correctly de- 
lineated. On this as a basis the microscope has laid out its 
minuter subdivisions, in a munner somewhat like ihe minuter 
classifications established by the paleontologist. The field-struct- 
ures must be determined first, for it is not possible for either 
microscopy in the crystalline rocks or paleontology in the later 
rocks to take independent initial cognizance of this. Their data 
are of subordinate importance, and are of value only as they can he 
grounded on foreknowledge of the actual structural features. 
Whether the Olenellus fauna preceded or followed the Paradoxides 
fauna in America could not be decided till a field examination was 
made in Newfoundland. The strata there revealed the Olenellus 
fauna anterior to the Paradoxides fauna, thus in effect reversing the 
conclusidns which had been reached through paleontological rea- 
soning alone. In the same way the fact that a rock is eruptive is 
obtained in the first instance by field evidence — never by micro- 
scopic examination. Once the microscopic characters of a known 
eruptive rock being ascertained, those characters are good for the 
indication of a problematical eruptive rock so far as those known 
characters extend , but no further. If the known characters fail, 
and especially if adverse characters are brought to light, it is the 
part of caution, as well as of wisdom, to withhold a decision as 
to the origin of such a rock until new light can be reached. 
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The Kawishiwin greenstones most perfectly illustrate these 
principles, for there can be no question but that they are the 
northern representatives of the greenstones, or green schists, of 
the southern side of lake Superior, and of more eastern localities. 
The greenstones are a well known great series of Arcnsean rocks, 
and they have been studied by many eminent geologists, ooth in 
America and in Europe. Their stratigraphic position in the 
Archaean has been made out, with substantial concord, in several 
European countries and in various parts of America. Geologists 
have divided, however, on the question of their origin, as already 
intimated, and at the present day the lines lie substantially where 
they did one hundred years ago — between the plutonists and the 
neptunists — but the disagreement in general has been reduced to 
a much smaller limit, and involves fewer varieties of rock than 
one hundred years ago. Then basic dikes, for instance, were 
claimed by both parties, but now are given up to the plutonists. 
Then all the granitic, or crystalline rocks, including the bedded 
schists, were claimed by both, but now the bedded crj-stalline 
schists are given up to the neptunist. Then all crystallne iron 
ores were claimed by both, now they are divided between them. 
As the field has narrowed the contest has deepened, not in the 
personal animosities and epithets that marked the early disput- 
ants, but in the acumen and watchfulness and the industry of the 
parties engaged. According to structural evidence the neptunist 
asserts that the greenstones cannot be relinquished from his own- 
ership, but he has to admit that his claim loses some of its valid- 
ity when his evidence fades out and some new adverse claims con- 
front him. He sees the stratification which has been his guide 
in ten thousand instances, lose some of its marked characteristics, 
and finally disappear or show itself faintly under some dis- 
guises, and so long as his known characteristics of neptnnic rocks 
are not legible in these he has not a clear title, and he has to ad- 
mit it. On the other hand the plutonist, microscope in hand, de- 
clares that the mineral composition is such that the constituent 
grains must have come from eruption, and could not be the result 
of ordinary erosion and sedimentation. This claim is based on a 
familiarity with the elements of known eruptive rocks from other 
localities, and it cannot be safely disputed. But the student of 
the physical structure returns to the argument b}' pointing to the 
remnants of stratification, and to the occasional occurrence of 
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rounded grains of quaitz. The microscopist makes his rejoinder 
that these remnants of stratification are illusive, due to dynamic 
metamorphism, and the quartz grains are of secondary origin. 
He further cites, as evidence of dynamic agencies in the origina- 
tion of those structures, the semi-decayed and broken condition 
of the other minerals. There are curious fractures in some of the 
mineral grains. They appear to be * 'streamed" out in the direc- 
tion of the schistosity. The feldspars are saussuritized, the horn, 
blendes are chloritized, the augites are converted by a well known 
alteration to hornblendes, the micas are hydrated and the men- 
accanite is changed to leucoxene. A d^mamic metamorphism has 
produced a degradational change throughout the whole rock. 
This indicates that while the materials had originall}' unquestion- 
abl}' an eruptive origin, as denoted by their identity with other 
changed known eruptive minerals, they have been subjected to 
some grand force or forces of pressure and shearing, which have 
wrought a profound alteration in them, bringing them a step, or 
a long march, toward decay and disintegration. The microscop- 
ist admits that his well-known and infallible guides are wanting. 
He sees nothing, or very little, of the **diabasic structure," and 
the freshly cr^^stalline interlocking of the constituent grains which 
characterizes an unquestioned eruptive rock, is almost entirely 
wanting. His title therefore, as it is not based on characters 
which known plutonic rocks possess, but on others which he as- 
sumes to be due to another and a later cause, is defective, and he 
has to admit it. If the features which the interior of the rock 
exhibits can be ascribed to neptunie forces, as claimed by his 
opponent, the case is still a drawn game, unless there are inherent 
faults in the reasoning of one or the other — such that they can 
be pointed out and demonstrated. 

The purpose of the foregoing is to introduce a peculiar feature 
seen by the writer at Ely, on the Vermilion iron range, in Min- 
nesota. The country rock here is the characteristic greenstone of 
the region, massive, shapeless, rather light-colored, embracing 
scattered grains of free quartz so as to present sometimes a rough 
and harsh exterior on weathering, and having a gradual transition 
northward across the formation, first into a green schist, then into 
graywacke and lastly into a sericitic schist. With this transition 
there is developed a sedimentary structure which in its final con- 
dition is undeniable, the schist element becoming interbedded 
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with regular siliceous layers which fade out and increase across 
the bedding in the manner of sedimentary alternations in any 
paleozoic rock. In the midst of this prevalent greenstone appears 
a spottedness, revealing included rounded masses of rock quite 
like the greenstone itself in general aspect, some of the rounded 
masses being from 6 to 10 or 15 inches in diameter. They are 
densely packed together, but make up the mass of the rock. Such 
characters have been seen in many places in northern Minnesota, 
and are particularly developed in the Ogishke conglomerate ; which 
really runs many miles in this formation, and can be traced from 
Ogishke Muncie lake to and beyond Tower. It is in the midst 




of this greenstone agglomerate that the jasperoid iron ores occur 
throughout the Vermilion range. This agglomerate passes by 
easy transitions into real conglomerates, but in that case the peb- 
bles are smaller, and are also sometimes much more siliceous. 

At a small railroad cut within the town limits of Ely, a few- 
rods west of the Chandler mine, these rounded masses are con- 
spicuously displa^'ed, by reason of the dome-shaped form of the 
exposed rock, and the uniform glaciation which has left the sur- 
face planed off, revealing distinctly the forms of the Ijoulders or 
bombs. This cutting was seen soon after the constniction of the 
railroad, and has been inspected several times since. On one oc- 
casion a drawing was made which is reproduced al)ove. This 
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shows the upper surface of the natural rock as it appears after 
the glacial planing, and includes a surface about five feet long. 

The rounded forms are encased in a darker green and evidently 
somewhat chloritic, fine-grained schist, which winds about among 
the rounded masses, its fibrous structure coinciding in direction 
with the surfaces with which it is in contact. This green schist 
cannot be distinguished from that which is common at all of the 
mines of the region and which ordinarily constitutes the country 
rock about the Tower mines. It is presumable that there are 
places in this agglomerate where this green schist is lacking, and 
the rounded masses are in absolute contact, but the drawing, 
rather hastily made, was designed to bring out the appearance of 
the pipe-shaped, calcite-filled, amygdaloidal structure, and this 
point was neglected. The rounded bodies here represented are 
ilot evidently of igneous rock, but rather approximate that indef- 
inite greenish rock styled porodyte by Dr. M. E. Wadsworth. 
They contain no evident free quartz,* neither do they contain 
per 86 anything else that is evident. They are referable to a con- 
solidated pulp made up of comminuted grains of eruptive rocks 
but having evidently a great^er per centum of silica than ordinary 
basic eruptives. A few fine pyrite cubes are discoverable, and 
on being powdered the rock has a quick, slight effervescence with 
hydrochloric acid. The stones have a pale, dun-green color, are 
very fine-grained, and might, with a broadened significance to 
that term, be called felsyte. They lack evidently the orthoclastic 
element which is essential to true felsyte. 

The most remarkable character of this singular rock is yet to 
be described, viz: About all the peripheries of these rounded 
masses of porodyte are tubes, standing perpendicular to their 
surfaces and separated, on an average, about one-quarter of an 
inch from their neighbors. These tubes, which are normally 
filled with calcite, are sometimes more than an inch in length, but 
most frecjuently are less than an inch. They stand perpendicular 
to the bounding outer surfaces of the rounded masses. They do 
not enter at all, or but slightly, into the darker green schist which 
is wrapped about the masses. They are approximately circular 
or pipe-like, and their diameter is about two millimetres. Some 
of them, however, are a little zigzag, and roughened in their inner 

*In one instance a siliceous pebble, about one-eighth of an inch in 
diameter, is seen embedded in this porodyte, in specimen No. 1624. 
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surfaces. This is revealed by fractures across them after the calcite 
has weathered out, which is the case in many instances. While these 
tabes are generally simple, and approximately round in section they 
are not always so, but they flatten out for a short space and return 
again to the pipe-stem shape, and sometimes they branch, or coalesce, 
and so far as observed they branch like a plant upwardly, or out- 
wardly, I. e. toward the exterior surfaces of the rounded masses, 
^alcite is also common in the green envelope which surrounds 
these masses, but it is arranged in flattened, thin, lenticular 
sheets conformable with the fibrous structure of the schist, and 
hence in general position it is perpendicular to the position of the 
tubes. Associated with it, in the green schist, is a noticeable 
amount of bright pyrite in fine cubes. 

In the interiors of the rounded masses also can be seen irregu- 
lar deposits of calcite. All this calcite is coarsely crystalline 
and firm, with hardness rather above the normal. 

The interest which attaches to this rock centers in these tubular 
• passages that converge from the outer surfaces of the rounded 
masses, and penetrate the latter to the depth of an inch, more or 
less. There is no exception; they are all marked with the same 
structure. The rounded masses are undistinguishable as rocks, 
from the rock about Ely. It has l>een supposed that such accum- 
ulations were agglomeratic, i. e. , that the rounded masses were of 
the nature of bombs thrown from volcanic vents, falling in an ad- 
jacent or surrounding ocean. It has been supposed that the light 
green country rock, in the midst of which this structure appears, 
is the result of oceanic solution and levigation on volcanic eject- 
amenta. Such ash and cinder when brought into contact with 
hot, or tepid, or even with cold, oceanic waters would easily be 
reduced to a non-ditferentiated pulp, from which some of the alka- 
line ingredients, being more soluble, would be removed, leaving 
the residue somewhat more siliceous. Upon consolidation a rock 
something like the greenstone seen at Ely might result. 

On the other hand, as already stated, it is claimed b}' niicro- 
scopists who have inspected such greenstones, that they are ' 'al- 
tered eruptives, " and that dynamic metaraorphism has been the 
process that has effected their reduction to this condition. 

It seems, however, that these peripheral tubes show that these 
rounded masses were suddenly immersed in an element which 
differed in temperature and pressure from that to which they had 
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been accustomed. They show that this rock was not a congealed 
plutonic mass, for such a mass could not acquire an amygdaloidal 
structure, except when it becomes volcanic. It is only when 
there is a sudden release of surrounding pressure that the con- 
fined gases of igneous rocks gain relief from their confinement, 
■or that some of the confined substances manifest their volatility, 
forming scoriae and amygdaloids. Was the element into which 
these were ejected, and which caused the rapid escape of gaa^, 
and then their rapid solidification, simply atmospheric air or was 
it oceanic water? If it had been atmospheric air then the sur- 
rounding rock, viz. , the whole of the greenstone of the region was 
also ejected simply into atmospheric air and solidified - under sim- 
ply atmospheric conditions. Not having been since submerged, 
at least not having been since rewrought, it would have in that 
case to show not only many evidences of perfect igneous or 
^'diabasic" structure, but it would have to exhibit about the same 
variations — barring the effect of greater time — as to stratification, 
texture, composition, etc. , as can be seen in volcanic rocks of 
recent or Tertiary time. It could hardly shade off into the evi- 
dently sedimentary rock, having very nearly the same aggregate 
composition, seen but a short distance further north along the 
shore of Long lake, and it could hardly constitute a belt from 5 
to 10 or 15 miles in width, lying always in the same stratigraphic 
position in the Archaean, and running, in accord with the strike of 
the rest of the Archaean, as well as substantially with that of the 
Taconic (which admittedly are governed by continental increments 
as the oceanic areas receded) for a distance of one hundred and 
fifty miles. 

If on the other hand these bombs, torn from some portion of 
the already hardened super-crust by the loosening action of vol- 
canoes, were hurled first into the air and fell into the ocean, all 
the structural, as well as all the microscopic characters which 
have been mentioned, might have been the result. The forma- 
tion in which they are found would be amenable, as it is, to the 
geographic distribution and stratigraphic position which all oceanic 
formations are found to possess. They would have been buried 
along with other finer volcanic ash and cinder in the waters of a 
hot or tepid ocean. Such waters would rapidly destroy the 
characters of the usual minerals found in volcanic ejections. 
There would result secondary- minerals, such as chlorite, sericite. 
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saussurite, leucoxene, serpentine, hornblende, etc., and these 
would, in some places be consolidated into rock which would 
possess many of the characters of an altered igneous rock, but 
would manifest more or less evidently the stamp of the ocean. 
There would be occasional foreign ingredients, particularly rounded 
quartz grains, and there would be in many places a fine intermix- 
ture of chemically precipitated silica, or perhaps of '^chemically 
precipitated oxide of iron, the last two uniting to form the well 
known jasperoid hematites. Again there would have to be many 
places, as there are, where the resultant rock would be very fine- 
grained, the ejecta having been totally disintegrated and reduced 
to a pulp or volcanic mud. When this accumulation was rapid there 
could be but little opportunity for the formation of characteristic 
sedimentary structures, but when it was slow the most evident sed- 
imentary banding would result. There would be many places where 
the non-stratified would gradually acquire a stratified structure. 

If we attempt therefore to effect such a compromise between 
the opposing disputants as the facts seem to warrant, we have to 
allow that the stratigraphist has a show of reason in insisting that 
oceanic structures permeate these greenstones, although the sedi- 
mentary banding is sometimes wholly wanting over large areas. 
We also have to allow that the nature, in general, of the minerals 
contained in these rocks is such as only igneous agencies can ex- 
plain. In other words we must grant the chief contention of 
each party. The source of the rocks was igneous, liut their 
structure is aqueous. 

The recognition of this joint agency of oceanic water and 
igneous action in the production of these ambiguous rocks relieves 
the physical geologist of some rather severe strains of imagina- 
tion as well as of dynamic laws to which, without such recogni- 
tion he is compelled to resort. For instance, he has not to con- 
jure up some hypothetical force through which he can explain, if 
he adhere to their sedimentary origin, the conversion of these 
**8ediments" into a rock quite unlike ordinary sediments, and the 
absence of the usual structural characters. He has not to assume 
if he adhere to their igneous origin a semi-metamorphosed condi- 
tion or any chemical change capable of converting a vast thick- 
ness of rock, situated at great depths in the crust, from a siliceous 
to a semi-basic character, nor vice versa. It has been gravely 
asserted by some extreme advocates of "alteration" that the 
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rocks of the crust may undergo and have actually experienced, 
such profound changes in average chemical composition that their 
original minerals may be entirely lost. Sometimes there is hj- - 
pothecated a * *silicification, " and sometimes a desilication. The 
most basic rocks have been viewed, in some of these critical 
epochs of mythical metamorphism, as converted, by a substitu- 
tion of **8econdary silica" for the typical minerals of the supposed 
original basic eruptive rock, to a quartzyte, or to a quartz diory^te. 
Oabbros have been imagined converted to quartz syenites, and 
the details of the process of such transition /mrc httn ingeniously 
imagined and illustrated. Quartz, the most insoluble of the rock- 
making minerals, has been supposed to have been conveyed into the 
minutest interstices of these rocks to the depth of hundreds or 
thousands of feet, there taking the places of some of the original 
minerals which, by a reverse but no more mythical chemical 
transformation, were removed by the same waters, or at least bj' the 
same process. Again the geologist has not to resort to ^'dynamic 
metamorphism" by which to account for the shattered and partly 
disintegrated or degraded condition of the minerals of the green- 
stones. It is at best only a misuse of the term metamorphism to 
apply it to such a change, and it may be considered questionable 
whether the cause which dynamic metamorphism invokes would 
not produce a directly opposite effect. It is usuall}' supposed that 
pressure and crushing and shearing develop heat, and thus tend 
toward the building up of the crystalline outlines and the 
strengthening of the chemical bonds, in the minerals affected. It 
appears to some geologists not onlj' a misnomer, but a mistaken 
apprehension of the effect of dynamic forces to attribute such 
features to pressure and shearing and plication, and to call it 
•^metamorphism." Such outre hypotheses can be shaken off the 
mantle of the speculative physical geologist, if he allow the building 
up of these rocks, as above suggested, through the cooperating, 
simultaneous action of oceanic waters and volcanic eruption. 



A NEW SPECIES OF LARIX FROM THE INTER- 
GLACIAL OF MANITOBA. 

By D. P. Pknhallow, F. R. S. C, F. R. M. S., McGIll University, Montreal. 

Two specimens of fossil wood were recently' received from 
Manitoba, the one from Mr. G. Elliott, of Guelph, Ontario, the 
other from Mr. J. B. Tyrrell, of the Geological Survey. The first 
was admirably preserved, and upon boiling with carbonate of 
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soda was readily cut by a microtome. Tlie structure was found 
to be almost wholly intact and the effects of compression slight, 
so that there was no difficulty in determining its characteristics. 
The second was more fully impregnated with silica, so that some- 
what prolonged treatment with carbonate of soda was necessarj'. 
Even then, there were localized siliceous bodies which offered 
some obstruction to the action of the knife. The structure was 
found to be fairly well preserved, and there was little change re- 
sulting from compression and distortion. The most marked gen- 
eral change in this, as in the first, was in the very strong develop- 
ment of striation on the cell walls. Little difficulty was ex- 
perienced in determining the various structural characteristics, 
though there were numerous localized areas of decay and siliceous 
deposit where the structure, had pretty completely disappeared. 
This was notably the case in the medullary rays, which, upon ex- 
posure in tangential section often showed complete obliteration of 
structure, indicating that the progress of alteration first proceeded 
along the course of these structured, while it was also noticed 
that fungus hyphse penetrated first into the tracheids, following 
the course of their longitudinal or major axes, thence spreading 
laterally through the bordered pits. 

The specimen received from Mr. Elliott was obtained by Mr. 
R. Brown when digging a well in Section 23, Township 3, Range 
11, Manitoba. He recovered it from a depth of twenty-eight feet. 
In a letter from Mr. Elliott, he informs me that the surface soil 
was of about the usual depth of three feet of black, vegetable 
mould, beneath which, light blue lacustrine clay extended to 
where the wood was found. From data kindly supplied by Mr. 
Tyrrell the locality appears to be about three miles northeast of 
Pilot Mound, about seventy miles west of the Red river, and 
seventeen miles from the international boundary line. It is at an 
elevation of about 1,550 feet above sea level, and from 600-800 
feet above the general level of the Red River valley on the Pem- 
bina mountains or second prairie steppe. The formation in that 
vicinity is level and apparently alluvial. As, from the informa- 
tion at hand, it seems likely that the boulder clays were not 
reached, the formation is probably to be regarded as post-glacial. 

The specimen sent by Mr. Tyrrell was obtained from a well at 
Churchbridge, on the line of the Manitoba and Northw^estern rail- 
way at a depth of two hundred feet. From the information so 
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far obtained, Mr. Tyrrell is inclined to regard the horizon as 
probably interglacial, to which it will be referred for the present. 
Mr. Tyrrell further expresses the opinion that the post-glacial de- 
posits of Township 3, near Pilot Mound, may be the interglacial 
deposits of Churchbridge farther north, the glacier in its latest 
advance not having reached to the former place. 

Microscopical examination shows that the two specimens are 
identical. They are, therefore, referred to the same species. 
Comparison with existing species of Larix show that it possesses 
characters approaching both L. occidentalis and L. americana, 
while in other respects it is quite distinct from both. It appears 
to be about midway between the two. It has, therefore, seemed 
expedient to distinguish it by a separate specific name, for which, 
as indicating the principal locality, I would propose L. chttrch- 
hridgeiuis. 

In the following description I have adopted certain standards 
which will also be employed in future descriptions by me. The}' 
are as follows: 

The size of cells is the whole width from one primary cell wall to 
its opposite. The thickness of a wall is the distance from the 
center of the primary cell wall to the cell cavity, or one-half the 
total thickness. The pits of the medullary ray as exposed in 
radial section, are determined for the area of each wood cell — 
autumn or spring — covered by the medullary ray cell. The 
hight of the large medullary rays in tangential section, is ascer- 
tained by counting from each end towards the center, until the 
first ])au' of cells is reached. All others are included in the 
central group. The rays are described as unec^ual when the ex- 
tension on one side of the central group is longer or shorter than 
on the other side. The thickness of the walls in medullary rays, 
is the whole width. The upper, lower and side walls of a medul- 
lary ray are those which would occupy the same relative positions, 
assuming the specimen to be placed vertically and the observer to 
look radially outward or inward. 

Larix churchbridgensis, n. sp. 

Iransvcrse. Growth rings narrow. No very o])vious demarca- 
tion between the spring and autumn woods, transition gradual ; 
the spring wood at least equal to or twice the autumn wood. 
Wood cells disposed in radial rows. The autumn cells 14.4x24 
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/I broafl, the walls 3. 6 ,n thick. Spring cells 24 /z square, the walls 
2. 4 /I thick. 

Resin passages prominent, chiefly in the middle of the autumn 
wood, 21 fi to 100 fi broad; interior cells often conspicuous. 

Radial. Medullary rays. Cells ec|ual in length to three or 
more wood cells. Terminations square or very obtuse; septa 
with simple or bordered pits. Upper and lower walls strongly 
pitted — pits simple. Side walls with broadly oval pits, in the 
autumn wood 1-4 for each wood cell, in the spring wood 2-5 for 
each wood cell. Cells 19.2 /x broad, walls 4.8 /x thick. 

Bordered pits. In autumn wood cells, obscure, remote. Outer 
ring 12 //, inner ring 3.6 /x broad. In the spring cells, con- 
tiguous and somewhat flattened, or remote, distant 4. 8 /i to 24 
in. in one row. Outer ring 12 in. to 16.8 in., inner ring 3.6 in. 
to 4. 8 ti broad. 

Terminations of the tracheids obtuse or acute. 

Tangential. Medullary rays. Large rays upwards of twenty- 
four cells high plus the central group. Few, chiefly equal, rarely 
and slightly une(|ual. The small rays one cell broad, 1 to 13 cells 
high. Markings on the tangential walls of tracheids, none. 
Terminations of the trachieds acuminate, strongly overlapping. 



GOLD IN PLACERS. 

IlEKBEitT R. Wood, Missoula, "Mont. 

Gold may occur in placers in different ways, and these placers 
may be of very difl'erent character. 

1. Along creek beds and in bars and banks of rivers; the 
gold usually in such a ca.se having been carried a long distance. 

2. In sloping banks and beds along the bases and flanks of 
mountains usually not far removed from the source of the gold. 

3. In bars or plateau-like beds extending far out into valleys, 
frequently terminating abruptly in a cliff-like fashion but having 
their sources in the mountain ranges. 

4. In mountain ranges placer beds occur, caused by the de- 
composition of veins, and the placer l)eds occurring on or near 
the side of these veins. 

5. Along the flanks and at the mouths of gulches, placer beds 
frequently occur, having been washed down and deposited through 
the same denuding forces which formed the gulch. 
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Notes 1 — In case of No. 1, rivers frequently cut gold bearing 
veins in their courses. This seems to be the only plausible ex- 
planation of the occurrence of gold beds on Snake river, Idaho ; 
these beds in which the gold is found on the surface are far re- 
moved (in some cases, forty or fifty miles) from their sources. 

No. 3. — These gravels have been no doubt rearranged by action 
of water, presumably by a lake. 

No. 4. — The vein, owing to decomposition and disintegration 
may be converted into soil or quartz pebbles to considerable depth, 
the quartz pebbles frequently containing native gold, showing a 
slight attrition. 

The method of arrangement of gold in placers, depends on 
various conditions which can hardly be considered sufficient basis 
for classification. Thus its comparative depth in the gravels, its 
tolerably uniform dissemination, or local occurrence, its physical 
characters, etc., depend on such forces as gravitation, distance 
from source, denuding forces, time of denudation and deposition; 
and these different methods of occurrence may be found indeed 
in any of the varieties of placer beds. As regards the nature of 
the force which brings down the material from the mountains, and 
causes the rounding of the rock fragments, it may be of a varied 
character and admit of classification. 

1. The melting of snows and rainfall, producing spring freshets 
and streams. 

2. Ghicial action. This must have been a very common 
agency from the evidence obtained. 

8. Gravitation. A natural settling down of rock fragments 
loosened by chemical disintegration to a lower level. This is 
largely aided by the percolation of waters. 

With regard to this latter method of forming placer beds. Hay- 
den, in his report on G-eology of Colorado, refers to the force of 
gravitation as not unusual in the formation of gravel beds and 
banks along the bases and flanks of mountains. The character 
and great extent of many gravel beds, show very plainly that the 
denuding agencies must have been very active at one time in the 
recent history of the hills. This seems to be best explained by 
the action of glaciers which during the glacial period must have 
covered the mountains and caused during their recession in a 
more genial climate the immense beds of detritus which the 
rivers and streams flowing from them piled up in the valle3^s below. 
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In Montana, of which countrj^ this paper more particularly 
treats, gold occurs in situ. 

1 . Native in quartz veins in granite, slate, and quartzite. 

2. In chemical combination with iron pyrites, also copper 
pyrites. These veins occur in slates and granites, the accompany- 
ing gangstone usually being quartz. 

3. In brown iron ores the result of weathering and chemical 
decomposition of iron pyrites, which weathering or oxidizing in- 
fluence may extend to considerable depth in the vein owing to the 
action of percolating surface waters, or be limited to a few feet. 
The gold in this instance is free, but in a very fine flour- like 
condition. Such veins where the ordinary action has extended to 
a great depth, usually occur in slates or a rock which admits of 
the read}' percolation of water. This changed condition is seen 
in all veins holding iron and copper sulphides. 

4. Gold occurs in more or less quantity in all veins in Mon- 
tana. In pure galena a small trace is obtained, as well as in 
copper sulphide. 

5. In a very few instances a small percentage of gold has 
been found in quartzite dikes. The quantity is rarely sufficient to 
warrant working. 

As to its physical properties the gold may be a light yellow or 
a dark yellow, holding a variable proportion of silver. It may 

occur, 

1. In large nuggets. 

2. Moderately coaise — angular. 

3. Moderately coarse — much worn. 

4. In grains and scales (fine). 

5. Flour-like condition. 

iSome of these nuggets have been of considerable size, one ob- 
tained at St. Louis gulch, weighing nearly 21 ounces, while those 
weighing two or three ounces and more are of frequent occurrence. 
Notes — 

1. A probable explanation will be found farther on. 

2. When angular, the gold has not been subjected to much 
attrition and not carried far from its source. 

3. Carried considerable distance and subject to much attrition. 

4. A very common form for gold to assume in placer beds. 
This is its most common condition in the vein material, thin 
leaves and scales. 
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5. This flour-like gold results chiefly from the oxidation of 
iron pyrites, the gold becoming freed in a very fine condition in 
the brown iron ore which results from the chemical change. 

Briefly speaking the physical features of western Montana are 
similar to many mountainous countries. It is characterized by a 
series of more or less parallel ranges, having a general north- 
westerly and southeasterly direction with intervening valle3's. 
The mountains having been formed by upheaval, lateral pressure 
and subsequent denudation. In most of the ranges the central 
core of granite has been exposed with highly tilted slates, lime- 
stones cut b}^ porphyritic and quartzite dikes abutting it. 

At mount Ogden, a mountain of granite (a true granite) which 
is intersected, near a contact with a bed of quartzite, by a series 
of narrow quartz veins holding auriferous iron pyrites and free 
gold — the placer beds are situated along the base of the mount- 
ains, a direct incline at an average slope of 85°, about a mile 
distant from the source. The gold can be found, however, along 
the entire slope intervening. This granite is ver}' much decom- 
posed to a depth of twenty to twenty -five feet, so that in develop- 
ing these veins no blasting was done to that depth. The disinte- 
gration has taken place in the granite owing to change in feldspars 
and the oxidation of iron pyrites which is thickly scattered 
through it, assisted by percolating waters and action of frost. 

The easy removal of this decomposed rock by melting snows, 
assisted by the natural force of gravitation is obvious. 

The manner of the removal of the gold from the veins is, I 
imagine, that suggested by Wurtz, the formation of persulphate 
of iron in which gold is slightly soluble. This may act as a car- 
rier, a deposition of metallic gold resulting as a nugget; or the 
gold is worn from the rock holding it, and carried by the water 
into the gravels. 

Placer beds vary according to the class to which they may belong 
as regards the nature of the pebbles and boulders, or the presence, 
absence, scarcity or abundance of them, the presence of black 
magnetic sands, the depth of the bed and the arrangement of the 
gravels and boulders in them. 

To give an idea of the nature of a placer bed the following ac- 
count of St. Louis gulch, twenty-five miles east of Helena, as 
illustrating No. 5 is given. At the mouth of the gulch which has 
a general course north and south and from which a creek flow& 
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into the Missouri, the detritus and wash from the gulch extends 
out in a broad fan-shaped sloping terrace for two or three miles. 
The gold is disseminated to a greater or less extent throughout 
the whole of this bed, but only in workable quantities in certain 
localities noticeable at the immediate entrance to the gulch. As we 
proceed up the gulch the gold bearing strata gradually sink to a 
depth of 60 feet or more, to which shafts have been sunk to the 
gold bearing zone. Towards the head of the gulch which is six 
or seven miles in length the gold belt rises till it merges on the 
surface and at the extreme head of the gulch splits into finger- 
like streams which have been traced to the veins in situ from 
which the gold came. 

Fig. 1 represents a longitudinal section of the gulch, in which 
the dots show the deposition of the gold in the detritus gravels 
from the mountains. AAA are veins, B the exit and fan-shaped 
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bed of gravels, C the surface line of detritus, D the line of de- 
position of gold. The veins consist of one very large vein of 
nearly pure iron pyrites, associated with some quartz as a gangue. 
It is about forty feet in width, and has been mined to a depth of 
1*0 feet, to which depth the pyrites was decomix)sed into oxides of 
iron. 

In the vicinit}' of this vein are numerous small veins of a few 
inches in width up to which the gold streaks lead in the gravels. 
The country rock is an eruptive trap-like rock. At the head of 
the gulch near the veins the large nuggets were obtained. This 
is easily explained by the great weight of these large nuggets, 
which are deiK)sited first as the detritus was laid down by the 
running water. The veins vary in their direction, one vein pene- 
trating the east side of the gulch for 1,500 feet, and being 
only two or three inches in width, assaying $2 to the ton. As to 
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the origin of this gulch it may have been produced by glacial 
action or by the denudation of running waters from freshets and 
melted snows. The richest localities in this gulch were the outer 
points and margins of the slopes at the termini of the finger- like 
streams. This is easily explained also by the deposition of the 
coarser gold at the head of the gulch. If the gold continues to 
stream down and follow chosen finger-like paths, in the vicinitj' of 
the veins in such a placer, the denudation presumably being slow, 
the occurrence of nuggets of such an unusual size as 20 ounces 
might be explained on the theory that persulphate of iron holding 
an appreciable amount of gold in solution de(x>sited its gold in a 
certain spot, a large mass of gold thus gradually accruing. This 
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theory is given in Le Conte's text book of geology, in reference 
to the auriferous gravels of California. 

As illustrating No. 3, in the Flint Creek valley in western Mon- 
tana, Deer Lodge county, near Stone, placer beds occur in the 
form of long bars or level plateaus which extend for several miles 
north from the mountain ranges. They terminate abruptly in a 
cliff-like margin. 

The gold bed A, Fig. 2, occupies the upper stratum of this plateau 
for several feet, and is sharply marked off from the lower gravels 
B. The gold stratum was evidently a later flow from the mount- 
ain, and has. been rearranged and deposited by lake action. 
These plateaus have been the result of glacial action in this in- 
stance. Large and subangular boulders occur in the gravel beds, 
and scattered along the valley below. 

As regards the character of the boulders, which make up the 
placer bed, they may consist of all kinds of rock, but more 
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usually granite, slates and quartzite accompanied by iron-stained 
quartz, boulders and pebbles, presumably from the veins them- 
selves, frequently black magnetic sands, and more or less fine allu- 
vials. These beds attain great thickness, often resting on the bed 
rock which may be two or three hundred feet below the surface. 
Placer beds may exhibit a stratified arrangement of the gravels, 
boulders and sands, the gold confining itself to particular horizons. 
The proportion of fine detrital matter and clays, in a placer claim 
varies very much. There may be a good deal of intermingled 
dirt and sands, and frequently the bed may consist almost wholly 
of pebbles and boulders. In this latter instance, I believe the 
gold gradually sinks down in the bed, when unobstructed by clays 
and subject to continual action of percolating waters, to a lower 
level. The arrangement of the gold in streaks in the bed, or its 
uniform distribution depends less perhaps on the proximity of 
the bed to the source, than to the force of distribution and de- 
nudation; beds several miles removed from their source fre- 
quently having the gold arranged in streaks, by water action. 



[Notes on Palaozoic CruHtaceit No, ^.] * 

ON THE NORTH AMERICAN SPECIES OF THE 

GENUS AGNOSTUS. 

By A. W. V00DE8, Fort Canby, Wash. 
HISTORICAL 8KETCU OF THE GENUS AGNOSTUS. 

The earliest known species of this genus was described and figured 
by Bromell in 1729, Lithographia Suecana, Actis Liter., Suecia*, Upsal, 
vol. 2, p. 527, under the name of Vermiculi tagijieimes. The author mis- 
takes the fossil for an insect and figures Agnostus pisifonnis from the 
Olenus schist of Andrarum, Sweden. For a period of almost 
one hundred years this was the only representative of a genus, to which 
BroDgniart gave the name of Agnostuv, taking for its type Agnostus pm 
fannis from Linn^'s Knto^iuolithuB pisiformis^ Syst. Nat. Ed. xii, p. 160. 

Dalman uses the same species for the type of his new genus Ihittus in 
1826, Paltcaden p. 257. 

In the year 1828, Dalman, Vetensk, Akad, Arsber, p. 136, described a 
new species from Gothland under the name of Battus Icsciijntus^ and a 
new variety from Andrarum, as Battus pisifor/nis var. spiniger. The 
next contribution to our knowledge of this genus was made by Beyrich 
in 1845, Ueber Bohm Triloblten, p. 44. The author adds two new 
species to the li§t from the Paradoxides zone of Bohemia, under the 

*No. 1 of these notes is published in Trans. St. Louis Acad. Sci., Vol. 
V, 1891. 
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names of Battus nudus and B. integer. The discovery of an entire speci- 
men by this author removed the doubts regarding the affinities of these 
fossils with the order Trilobita. 

The investigations made by M'Coy in 1846, Syn. Silurian Fossils of 
Ireland, p. 56, added the new genus Trinodus and one new species, 7\ 
agnostiformis. The non-adoption by palaeontologists of Trinodus, and 
the imperfect illustration of this species have caused several identical 
forms to be classed under new names such as Agnostus convexus Salt. 
A, trinodus Salt, and A, tardus Salt., Brit. Pal. Foss. 1851, p. 141 (not Bar- 
rande^s species). The species ranges high up in the geologic column as 
it approaches its extinction, in the zone with the genus Asaphut and 
TrinucUus, 

Barrande described in his Preliminary work on the Silurian System 
of Bohemia, 1846, pp. 14 and 35, nine new species under this genus; 
which he reduces to six in his final great work on the Bohemian trilo- 
bites. Stage C with Paradoxides boheinicus contains — Agnostus integer 
Beyr., A. granulatus Barr., A. nudus Beyr., A, hibullatus Barr. and A, rex 
Barr. Stage D with Asaphxis nohilis contains Agnostus tardus Barr. 

Corda, Prodrom 1847, reclassifies the genus into seven new genera and 
29 species. All the genera and species have been referred to well 
known Bohemian species and genera. 

In the Mem. Geol. Survey, vol. 2, part 1, p. 351, pi. 8, Salter & Phillips 
reproduce under the name of Agnostus trinodus the Irish species which 
M'Coy described as Trinodus agnostiformis. The authors also describe a 
variety of this species as cojmexus. 

1851 — Angelin describes and figures 12 species from Sweden, Palaeont. 
Scand., p. 5, pi. 6. Regie A (Olenus zone). Agnostus pisifonnis Linn<*, 
A. l(Bcigatus Dalm., A. reticulattis Aug., Regio B (Paradoxides forchham- 
meri zone), Agnostus phniienuda Aug., A. exsculptus Aug., A, punctuosus 
Aug., A, aculentus Aug., A, hrevifrons Aug., A, glandiformis Ang., A, bituber- 
eulatus Aug., Regio C (Asaphus zone), Agnostus lentiformis Ang., Regio 
D., Agnostus glabratus Ang. 

The first North American contribution to Agnostus was made by Bil- 
lings in 1860, Canadian Nat., vol. 5, p. 302, in which he describes from 
the so-called Quebec group, three new species, Agnostus americanus, A. 
orion and A. ranadentds. These species are republished in Paltpozoic 
Fossils of Canada, vol. 1, 1865, p. 895. Agnostus americanus is of the type 
Longif routes, congeneric with A. trisectus Salt, which occurs at An- 
drarum with Peltura and Spho'rophthahmis, A. orion differs from A,pisi' 
formis by having the glabella proportionally shorter. The same name 
was used by Barrande in 1846 for a species of the genus. 

1860 — Eichwald, Lethea Rosslca, vol. 1, p. 1351. The author describes 
four species, two of which are for the first time illustrated — Agnostus para- 
doxus Eichw. and A. nodiger, n. sp. Eichwald refers A, boeekii to A, 
exsculptus Ang. The two new species are from the Asaphus zone. 

1863— An important contribution to American palteontology was pub- 
lished during this year by James Hall; entitled Preliminary notice of 
the fauna of the Potsdam Sandstone, 16th Report N. Y. State Cab. Nat. 
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Hist. The memoir describes tiie fossils of the Dilteltcephalus zone of 
Wisconsin. In this work we have illustrations and descriptions of 
Agnostus Josepha, A, parilu and A, disparilis. The first species ap- 
proaches A. cyclopyge TuU. of the Olenus zone of Sweden. The second 
is of the type Leevigati of which A. lipcigatm Dalm. i« its nearest congen- 
eric form. Dr. Shumard described in the Am. Jour. Sci., vol. 82, 1861, 
p. 218, Agnostus colo7'adensis from Burnet county, Texas. This species is 
of the type A. neron H. & W. 

1864 — Salter in the Mem. Geol. Survey, Decade XI, describes live new 
species of the genus as follows: Agnostus princeps also vars. ornattis ard 
tnidis (Olenus zone). (This species is of the type A. aUtvus, gibbus,punc- 
inosus, amerieanus), Agnostus maceoyii, Upper Llandeilo Flags, Wales, 
A. iimbatus, Caradoc, A. morea, Lower Llandeilo, A, trinodus, syn. of A, 
iignostiformis M'Coy, A, triseetus, Upper Lingula. (This species occurs 
at Andrarum with Peltura and Splutraphthalmus), 

1865 — Billings in the PalteozDic Fossils of Canada, vol. 1, redescribes 
A, mneriamv^y A, arion and A, canadensis. The author adds two new spe- 
cies to the list from the so-called Quebec group of Newfoundland, 
Agtiostus gafba, and A. fabicus. The former species differs but slightly 
from A. Uirdus Barr., Etage D, in Bohemia. The latter approaches A, 
lentifort/iis Ang., Kegio C, of Sweden. 

1866— Schmidt describes a new species in the Bull. Acad. Sci., St. 
Petersb , vol. 30, 1866, p. 505, fig. 45, Agnostus cyrkanoicskii, 

1866— Linnarsson describes a new species in Om de Siluriska bildnin- 
garne i Mellersta Westergcitland ; Agnostus afflnis from the zone with 
Pnradoiides tessini, 

1867 — Belt in the Geol. Mag., vol. 4, p. 294, describes Agnostus nodosus 
and 4. pistformis var. obesus, from the "Upper Cambrian" of Wales. 
Tullberg remarks that A. nodosus Belt is probably identical with A. re- 
ticulatus Ang. The author illustrates a broad and narrow form of A, 
pisiformis var. obesus. In vol. 5, 1868, of the same magazine, the author 
describes Agnostus obtusus from the Uppt^r Dolgelly and A, barlowii from 
the Tremadoc. 

1868 — Barrande describes Agnostus bavaricusy in Fauna Silurienne des 
environs de Hoflf en Baviere, p. 32, figs. 46-47. 

1869 — Linnarsson, Om Vestergotland Camb. & Sil. attagringar. The 
author describes 8 species of Agnostus including the following new 
species, A, gibbu-Sy A, parcifronsy A, sidenbladhiy and A, fallax. The first 
two species occur with Paradoxide* tessini at Andrarum. Agnostus 
sidenbladfii ranges higher up in the Ceratopyge chalk. 

Sjogren in Om nagra forsteningar i Gland Kambriska lager 1871, de- 
scribes Agnostus regius from the zone with Paradox ides olandicus. 

1871— Hicks in the Quart. Jour. Geol. Soc, vol.27, 1871, p. 400, de- 
scribes a new species, Agnostus camiyriensis. 

1872— Meek in the eixth Report U. S. Geol. Sur. Territories, p. 664, 
gives the name of Agnostus maladensis to a species from Malade City, 
Utah; and that of Agnostus bidens to one from Gallatin City, 3Iontana. 

1872— Hicks in the Quart. Jour. Geol. Soc, vol. 28, 1872, p. 174, de- 
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scribes five species, illustrating a new one under the name of Agnos- 
tus eskriggei from near Dolgelly, Wales. This article also contains de- 
scriptions of Agnostus datidis Salt., A scutalin Salt, A, scaraoidea Salt, and 
A, harrandei Salt. 

1872 — Ford illustrates an imperfect trilobite under the name of Ag- 
nostus nohilis in the Amer. Jour. Sci., vol. 8, 1872, p. 421. This species 
is from the Olenellus zone near Troy, New York, and may prove to be a 
species of the genus Microdisciis, which occurs in the same locality. 

1872 — Barrande describes three new species from Etage D, in the 
Supplement Syst. Sil. Bohm., vol. 1, 18T2: Agnostus caducus^ A. pernigo- 
tus and A, similaris. 

1876— Kayser, BeltrUge zur. Geol. & Palfleont. der Argentinischen Re- 
publik, p. 5. The author describes Agnostus tilcuryensis from the 
Olenus zone. 

1877— White in his Preliminary Report for 1874, also in the final Re- 
port U. S. Geol. Sur., west 100th Mer., vol. 4, 1877, describes Agnostus in- 
terstrictus from Antelope Springs, Utah. This species is related to A. 
integer Beyr. 

Hall & Whitfield in U. S. Geol. Sur. 40th Par., vol. 4, 1877, describe 
four new species from the Dikelocephalus zone of Nevada: Agnostus 
communis^ A. neon, A. prolongus, A. tumidosus, 

1878 — Hartt, in Dawson^s Acadian Geology, 2d Edition, describes A, 
acadicus and A, similis; the latter species is now included as a synonym 
of A, acadicus, 

1878— Brogger, Om Paradoxide^skifrene ved Krekling, describes 14 
species including the following new forms, Agnostus gibbus var. hyhrida 
A, kjerulfi, A. nathorsii, A, incertus. A, parifrons car, mammUata, also var. 
nepos, A, nudu-s var. 7narginatas, Jl, punctuosus var. ajfinis hnd A, trunc<i- 
tus. All these species occur in the Paradoxides zone. 

1880 — TuUberg, in his excellent monograph on the Agnostus species 
in the Cambrian formation at Andrarum, illustrates and describes 28 
species of this genus with the following new species: Group Longi- 
frons — Agnostus fissus Lund, MSS., ^4. afavus, A, intemiediusy A, elegans, 
A, lundgreni, A. cydopyge^ A, pusillus. Group Ltevigati — A, cicer. 
Group Limbati— -4. (juadratus. 

Dames in Richthofln's China, vol. 4, p. 27, pi. 2, describes Agnostus 
chinensis from the Olenus zone. 

1882 — Holm, in Kongl. Svenska vet. Akad. Handl., vol. 6, No. 9, de- 
scribes A, torquisti, 

1884— Walcott in Pahuont. Eureka Dist. describes six species includ- 
ing two new species: Agnostus seclusus and A. ridunondensis. The first 
species is of the type A. parvifrous Linrs. and the second of A, nathorsti 
BnJgger. 

1885 — Matthew in the Trans. Roy. :^oc. Canada, vol. 8, describes 10 
species from the Paradoxides zone of St. John : Agnostus regulus. A, 
partibus. A, rtr, also var concinnus, A, acadicus Hartt, var. decliriSj A. trs- 
sella f A, umbOy A, obtusilobus and A. acutilobus. 
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1889— Walcott describes in the Proc. Natl. Mus. vol. 12, 1889, the only 
known American Olenellus zone Agnostus, under the name of A, desid- 
erntuB^ from Salem, New York. This species is illustrated in the 10th 
Report U. 8. Geol. Survey, p. 630, pi. 80, fig. 5. 

RECAPITULATION* 

From the Olenellus zone, Agnostus nobilis Ford, A, daidtr- 

atus Walcott, A,fallax Linrs 3 

From the Paradoxides zone 44 

From the Olenus zone 6 

From the Dikelocephalus zone 19 

From the Asaphus zone 18 

AGNOSTUS, Brongniart, 1822. 
Diagnosis, — The general form of the lx)dy of the Agnosti is 
elongated elliptical, the surface convex. The head presents the 
same structure as that part in other trilobites, with the exception 
of eyes and facial suture, which are wanting in this genus. The 
glabella determined by the dorsal grooves, never extends to the 
anterior contour; it is always prominent by its relief; its form 
varies with the species. The typical form has a glabella divided 
into a small frontal lobe, and a larger posterior lobe ; the ba^sal 
lobes forming a third part. The frontal lobe is usually subtrian- 
gular having a groove in front {A. pisi/ormis, plate ix, fig. 14). 
In the section Limbati, the glabella is broadly rounded in front, 
showing a great development as in .1. rex, plate x, fig. 13. In 
the section Parvif routes, the glabella has only a single lobe, as in 
A, jxirvifrons, plate X, fig. 12. In the typical glabella the pos- 
terior lobe exhibits an inclination to divide laterally, or in front, 
being marked by a medium ridge. The glabella is sometimes 
compressed on the sides by the basal lobes, but expands at this 
point again in its posterior projection, as in A. giUnis. The 
basal lobes are ver}' short, so that in .4. gihhus, they appear like 
a narrow band widening out on both sides of the head, forming 
two nodes, which are sometimes large and triangular, as in the 
section Fallaces. The basal lobes are divided in some species 
into two nodes on each side, as in A. atarus, but, they are gener- 
ally very minute. The occipital groove and ring are more or less 
developed. The lateral lobes of the head form a concentric band 
with the contour; this is called by Barrande the genal zone. In 
the section Longifrontes, the cheeks in front of the glabella are 
divided by a furrow extending from the apex of the glabella to 

*The varieties are omitted in this enumeration. 
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the limb. The surface of the genal zone is smooth in the section 
Limbati, but, in Longif routes they show a tendency to striate or 
punctate. The limb around the head is always wider in front and 
narrowed towards the thorax. One can distinguish upon its surface 
an internal groove, and an external ridge forming the contour, 
sometimes the limb is extended into small [)oints on each side, as 
in A. josepha. In the section Ltevigati the limb becomes obso- 
lete; in the section Limbati it is broad. The thorax has two 
segments in all the known species. The axis is usuall}' well de- 
veloped in width, whereas the pleurae are often reduced; when 
the trilobation is distinct, as in A. re.c, the thorax shows the 
same characteristic; when it is faint, as in A. nudiif, the triloba- 
tion is also indistinct. The fii*st segment is subdivided by a groove 
which gives to the pleurae two bands more or less elevated, the* 
anterior band being the larger; the second segment has the 
pleura? on each side divided into bands of equal width; the 
points of each pleura? are directed forward. The pygidium con- 
forms to the head. In certain species, for example A. hihnlhttug^ 
the pygidium is marked with dorsal grooves ; but the head shows 
no trace of these grooves. . In A. rex the axis of the pygidium 
reproduces that of the thorax. The lateral lobes form a concen- 
tric zone to the contour sometimes united, but often separated 
behind the axis. The limb surrounding the pygidium is some- 
times extended into points. If tne head has no border, that of 
the pygidium is augmented as in .1. mulis. The typical axis 
occupies generally J of the total length. In front of the axis is 
located a small triangular lx)rder (genou articulaire). The axis 
has three joints; the center lobe is usually the smallest, but at- 
tains the greatest hight; it carries typically on the medium line a 
node, which sometimes is extended backwards over the third 
joint (-1. nathor»ti and A. acnhatus), also extended into a spine 
in .1. gihhus. In .4. rex the middle joint on the axis is divided 
by a groove, into an upper and lower lobe. The anterior joint 
of the axis has an inclination to become separated into three 
lobes; the two side lobes are common. The last joint is heart- 
shaped. In ^1. ri'.r the last joint is short and rounded; in 
A. cyclopyge it is large and rounded. Sometimes the axis is 
long, .1. faUax. The side lobes when the axis is short unite be- 
hind it. In the typical species the}' are divided by a furrow, 
which often becomes obsolete. In A. kjendji and A pJamcnuda 
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an elevated ridge extends from the spines of the pygidium to the 
axis. 

In the section Ltevignti^ the dorsal grooves are limited on the 
head, only partly defining the glabella; they are also limited on 
the pygidium, especially in rear, as in A. hfvigatus Dalm., plate 
X, fig 3. In the section Arthrorhachis the glabella is prominent, 
long and marked with small basal lobes; the axis of the pygidium 
is short, as in Agnostus tardus Barr. 

PART 3. DESCRIPTION OF THE NORTH AMERICAN SPECIES. 

The insignificant genus Agnostus surpasses in number of spe- 
cies all the other genera of the order Trilobita; in the primordial 
fauna we have a total number of ninety species, excluding the 
varieties. The species range from the Olenellus zone to the 
Lower Silurian. The zone with Paradoxides contains 44 species 
and several varieties; the Olenus is not so well represented; but, 
the genus outlived both these genera and extends into the Cera- 
topyge chalk (J. Hi(hndladhi) also in the Orthoceras zone 
(A. lentiformh &c). The genus dies out in the zone with 
Asaphus and Trinucleus {A. trinodus &c). In North America 
the genus is represented by twenty-eight species which may be 
arranged into the following zones and sections: 

OLENELLUS ZONE. 

Agnostus nobilis Ford, 1<S72. 

This is a doubtful species and may belong to the genus Micro- 
d 190 us. 

Section I, PARVIFRONTES.— The glabella is only partly de- 
veloped in this section {Agnostus hretf/rous Ang. , plate X, fig. 12). 

AOiNOSTUS DESIDERATUS Walcott, 1890. 

Plate X, fig. 7. Cf. Agnostus jtndongus Hall. 
Diagnosis. Head about as broad as long, broadly rounded in 
front, sides curving in slightly towards the posterior margin, 
which slopes obliqueh' inwards from the postero- lateral angles to 
the glabella. The glabella is less than '^ the length of the 
head. A narrow raised rim extends all arourd the margins, ex- 
cept across the base of the glabella, which is subcylindrical, nar- 
row, with a small node on the posterior third of its medium line. 
Surface smooth. Locality, Salem, N. Y. This species is of the 
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type -1. parvifrons Linrs. which appears with the genus Para- 
doxidcH in Norway. The pygidium of A. prolongus Hall, pi. x, 
fig. 10, has a similar form to the head of this species. The 
author illustrates only the head. An associated pygidium has a 
prominent axis bordered by a narrow convex space between it 
and the limb. The axis does not exhibit lateral, or transverse 
furrow. An elongated median tubercle is the only ornament. 

PARADOXIDES ZONE. 

Section II, L0N6IFR0NTES. This section is distinguished by 
its strongly projecting glabella and axis, which latter is generally 
moderately long. Crust smooth. The cheeks grooved. The crust 
on the cheeks and pygidium is provided with raised points. 
Limb generally narrow. The cheeks in front of the glabella and 
side lobes of the pygidium, behind the axis, divided by a groove. 
{Agnontus punctitosHH Kn^.y pi. IX, fig. 2, also vl. pisiformis pi. 
IX, fig. 14). 

Agnostus acutilobus Matthew, 1885. Plate ix, fig. 1. 

Diagnosis. — Body elliptical, elongated. Head semi-elliptical. 
Dorsal furrow faint, marginal furrow and fold sharply defined. 
Glabella subconical, length f of that of the head. The glabella 
is divided into two lobes ; the anterior lobe is ^ of the length and 
subtriangular, posterior lobe extends to the base of the head. It 
has an elongated ridge on the anterior half, with two faintly 
marked lateral furrows on the lateral edges of this lobe. The 
basal lol)es are divided otf by a sigmoid furrow and depressed 
below the level of the glabella. Occipital ring narrow. The 
cheeks are somewhat full especiall}- in front and divided by a 
furrow, each cheek is seamed across by a faint furrow. Thorax 
of two segments ; the first has five lobes, the second only three. 
Pygidium subelliptical. Axis is oblanceolate, nearly ^ as wide 
as the pygidium and its length is al)out f of that of the pygi- 
dium, narrowed in the anterior third, and crossed in that part by 
two transverse furrows; the included lobe bears an elongated 
tubercle; lateral lobes of the pygidium moderately elevated and 
united behind the axis. Surface smooth externally, but it is 
granulated on the inner surface of test. 

TAtcality. St. John group, Porter's brook, St. Martin's. 
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The species differs in minor points from A. gihhus var. hyhridui Brog- 
ger, especially in having an elongated ridge on the front of the posterior 
lobe of the glabella. 

AoNosTUS OBTUSILOBU8 Mattliew, 1885. Plate ix, fig. 8. 

Cf. A. scariBoides Salter, 1872, from which it ditfers by a nar- 
rower glabella with a more obtuse front. 

Diagnosis. — The head of this species is like that of A, acuti- 
loha Matthew. The pygidium described under this name is sub- 
quadrate in form, wider behind than before, and has a pair of 
spines at the outer angles. The axis is nearly one-half as wide 
as the pygidium, about four-fifths of its length and projects for- 
ward beyond the side lobes ; it is obtusely lanoeolate, somewhat 
narrowed in the middle, and divided into three lobes, of which 
the posterior is a ^ longer than the length of the two anterior. 
The middle lobe is elevated in the middle, and bears an elongated 
tubercle on the axial line; there is also a faint tubercular eleva- 
tion on the middle of the anterior lobe. The lateral lobes of the 
pygidium are somewhat narrowed in the middle of their length by 
the projecting sides of the axial lobe, and rapidly behind the 
pygidium, where they connect. The dorsal furrow is deeply im- 
pressed all around, and at the posterior angle is very close to the 
marginal furrow; this furrow is angled forward to the axial lobe 
and quadrately rounded at the posterior side of the pygidium. 

Ijorality. St. John group, PorterV and Han ford brooks, St. Martin's. 

AoNOSTUs TESSELLA Matthew, 1885. Plate ix, fig. 4. 

Diagnosis. -^^^w\ semi-elliptical, higher in the middle and 
rear part. Dorsal furrow distinct on the posterior J of the gla- 
bella, faint on the other }^. Limb strongly elevated ; the interior 
groove deep and strongly impressed. Glabella cylindro-conical, 
rounded in front, the width ^ of that of the head ; the length five- 
sevenths. The frontal lobe of the glabella is depressed to the 
level of the cheeks, and almost obsolete; the posterior lobe is 
cylindrical, rounded behind, bounded in front by a straight, deep 
furrow, and bears a small tubercle ^ from the front. Basal lobes 
small. Thorax of two segments. The anterior segment bears 
five lobes of which the two lateral pairs are globose; the axis is 
transversely elongated, wider behind than before, and bears a 
minute tubercle at the axial line. The posterior segment is simi- 
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lar except the tubercle. The pygidiiim is semi-elliptical, some- 
what wider than long, strongly elevated along the axis, trun- 
cated in front at the lateral thirds. The axis is cylindro-conical, 
width ^ the pygidium, length f ; it bears an elongated tubercle 
on the axial line at the anterior ^ ; short furrows indent the sides 
of the axis, opposite the ends of this tubercle. The side lobes 
are narrow and divided at the extremity of the axis by a furrow, 
connecting the dorsal and marginal furrows. 
Locnlity. St.* John group, at Porter's brook, St. Martin's. 

\oN08TU8 ACADICU8 Hartt, 1878. Plate ix, fig. 7. Syn. Aguostus 

Si milts Hartt. 

Diagnosis. — Head convex, depressed. Limb narrow, slightly 
elevated. Glabella slightly less than J of the length of the head, 
long, elliptical, depressed convex, but more elevated than the 
other parts of the head ; frontal lobe of the glabella, sub-circular 
and occupying about ^ of the glabella; basal lobes small, but 
distinct. Cheeks of the same width throughout and united in 
front of the glabella; they are convex, more elevated along their 
inner margins, but sloping outwards roundly and evenly. The 
genial zone has a narrow, shallow, flat space or groove which fol- 
lows the limb; on going posteriorly along the lateral margins it 
loses gradually its width towards the posterior angles of the head. 
Thorax unknown. 

Pygidium similar to the head. The limb slightly raised, separ- 
ated from the sides by a shallow but well marked groove running 
parallel to the margin. This groove widens at the point where it 
bends to go forward along the sides, in such a way as to en- 
croach on the thin out of the limb; just before reaching the an- 
terior margin it narrows itself from the inner side, so as to cause 
the side lobes to widen somewhat anteriorlv. These are narrow, 
flattened, about ^ as wide as the axis, narrowing to a point just 
behind the axis where thev do not unite. The axis 
is a])out five-sixths of the length of the pygidium, lan- 
ceolated, flattened, more elevated than the side lobes of the pygi- 
dium. Dorsal furrows distinct. The axis has a small tubercle 
located on the median line about \ its length from the front mar- 
gin. Surface smooth. 

Jjocality. St. John group, Saint John, N. B. 

The head of this species approaches that of A, neon. Hall & Whitfield. 
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Agnostus ACADICU8 var. DECLIVI8 Matthew, 1885. PL ix, fig. 8. 
The author compares this species with A. sfcretua Walcott. 

Agnostus regulus Matthew, 1885. Plate x, fig. 11. 

DiagnoHis. — Head elongate, semi-elliptical, with straight sides, 
posterior contour broken by the projecting glabella, and narrow 
occipital ring. Dorsal furrow distinct, marginal furrow and 
limb sharply defined; the latter diminishes towards the posterior 
angles of the head. Glabella large, consisting of two lobes; the 
anterior lobe semi-circular, wider than the posterior lobe, elevated 
above the general contour of the surface and undulate with 
broad furrows, radiating from the back of the lobe; posterior 
lobe flattened, cylindrical, with a faint broad median transverse 
furrow interrupted at the summit of the glabella by a node, 
elongated on the line of the axis. The cheeks are narrowed in 
the middle, there being a crescent-shaped limb in front of the 
anterior lobe of the glabella, and an expanding cheek on each 
side of the posterior lobe of the glabella. 

The pygidium is elliptical. The axial lol>e large, high, obtusely 
clavate, constricted in the centre and divided into three lobes; 
the middle lobe is larger than the combined length of the other 
lobes, and has a median ridge-like tubercle. This lobe is indented 
in the middle of its length on each side by a short furrow; the an- 
terior lol)e is narrow and ring-like; the posterior lol)e is sub- 
lunate. Limb distinct. The side IoIh^s of the pygidium narrow 
in rear to conform with the axis. 

Locnlity. St. John group, at Portland, Han ford and Porter's brook, 
St. Martin*8. 
Tliis species is of the type -I. rtx Barr. 

Section PARVIFRONTES. 

Agnostus umbo Matthew. 1885. Plate x. fig. 1). 
DuigiiosU. — Head broadly transversely elliptical, high and 
contracted behind, sloping from the glalwlla in all directions. 
Marginal fold and furrow strongly marked. Dorsal grooves dis- 
tinct. Glabella suborbieular, rounded in front, and ])eliind 
bearing a small tubercle on the axial line, j^ from the front. 
Length of the glabella ^ that of the head. Pygidium semi-ellip- 
tical. Dorsal an<l marginal furrows deeply impressed: axis coni- 
cal and greatly eh»vated above the rest of the pygidium; it bears 
a small tubercle j^ from the front. The limb is rather wide at 
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the extremity of the pygidium, and is rounded at the anterior 
comers. 

Locality, St. John group, at Porter's brook. 

This species is of the type A^ parvifrons Linrs. 

Section III, LIMBATI. General form subquadrate, head 
has a broad limb, basal lobes large. The cheeks in front of the 
glabella are not divided by a central groove or grooved at the 
sides. The pygidium is usually produced into lateral spines. 
{Agnostus rex Barr, pi. x fig. 13). 

Series A. (RE6II). Distinguished by its broad limb, dimin- 
ishing cheeks and side lol)es of the pygidium. Both the anterior 
lobe of the glabella and the posterior lobe of the pygidium ex- 
pand. (Type Agnostus rex Barr). 

Series B. (FALLACES). This series has a smaller head, and 
moderately broad limb. Cheeks large; basal lobes rather large 
with a broad posterior lobe to the axis of the pygidium. (Type 
Agnostus f alii IX Linrs, pi. x, fig. 2). 

Agnostus vir Matthew, 1885. PI. x, fig. 14. 

Diagnosis. — Head elongate, semi-elliptical, with straight sides 
and angulated behind. Doi-sal furrow distinct. Marginal fold 
and groove rather flat and broad. Glabella subconical, obtuse in 
front, expanded l)ehind. Length about five- sevenths of that of 
the head. The anterior lobe of the glabella is about two-fifths 
of its length; it is elliptically rounded in front, and obtusely 
behind; the posterior lobe is narrowed l)ehind, and in that part is 
decidedly elevated alx)ve the rest of the head; a sigmoid furrow 
cuts off a depressed basal lo])e on each side. The cheeks are 
moderately elevated, and of equal width all around the glabella. 

The thorax consists of two segments, the first is divided into 
three lobes of which the outer pair is globose, the axis is elon- 
gated, transverse and indented on the front side by two strong 
furrows extending ^ way across; the second segment is similar to 
the first, except that there are no grooves on the axis. 

The pygidium is sulKfuadrate, and armed with two lateral 
spines; its width one-fifth greater than its length. Axis cylin- 
dro-conical, ol)tusely pointed ])ehind, and bears an elongated 
tu])ercle pointed backwards. The side lobes of the pygidium are 
about ^ the width of the axis and narrowed towards the posterior 
end of the pygidium, where they connect. The marginal furrow 
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increases in width going backwards as far as the ix)sterior lateral 
angles^ where it is as wide as the lateral lobe of the pygidium, 
but narrows again towards the extremity of the pygidium. The 
limb increases in width from the front as far as the lateral spines, 
behind which it is constricted ; at the anterior end it is angulated 
towards the axis, in the rear third broadly rounded. 

Locality, 8t. John group, Portland and at Hanford brook, St. Mar- 
tinis. 

The species differs but slightly from Agnostus fallax yar, ferox Tullb. 
from the Scandinavian formation at Andrarum with Paradoxides (esstni, 

AoNOSTUS VIR var. concinnus Matthew, 1885. Plate ix, fig. 13. 
This variety varies but slightly from Agnostus vir. 

DIKELOCEPHALUS ZONPl 
Section LONGIFRONTES. 

Agnostus AMERICANU8 Billings, 1860. 
Syn. Agnostus richmondensiH Walcott. Plate IX, figs. 5 and 11. 
Diagnosis. — Head oblong, semi-oval, rather strongly convex, 
most elevated at the posterior quarter of the length, thence de- 
scending with a depressed convex slope in all directions to the 
sides and front. Limb very narrow. The glabella is elongate 
oval, width ^ that of the whole head, length rather more than i} 
the length of the head. It has two transverse furrows which 
•completely or partially divide it into three lobes. The anterior fur- 
row extends all across at ^ or a little more of the length from the 
front. The posterior furrow is interrupted in the middle, and is 
only distinctly seen on each side, penetrating ^ the width, while 
its position is a little in advance of the posterior third of the 
length of the glabella. The space between the two inner extrem- 
ities of the posterior furrows is occupied by a low conical tuber- 
cle, with the apex directed ])ackwards. Basal lobes small and 
triangular. Dorsal groove distinct. Cheeks divided in front of 
the glabella by a furrow. The surface is ornamented by from 15 
to 20 irregular, slightly impressed radiating rugose stria?. The 
pygidium is striated like the head. The axis has three lobes with 
an elongated median tubercle, extending across the anterior and 
middle lobes; the posterior lobe is equal in size to the other lo])es. 

Locality. Point Levis, Quebec. 

This species approaches A. trisectus Salter, which occurs at Andrarum, 
Sweden with the geous Peltura. 
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A0NO8TU8 CANADENSIS Billings, 1860. Plate ix, fig. 9. 

Diagnosis. — Head obtusely oblong, semi-oval, width a little 
greater than the length, a concave border nearly as wide as the 
glabella all around. Glabella in width less than \ the width of 
the head, and in length a little more than f the length of the head. 
Basal lobes small. The transverse furrow marking the frontal 
lobe of the glabella is located a little in advance of the mid- 
length ; the tubercle is obscure and appears to be indicated by the 
small indentation in the middle of the transverse furrow. The 
cheeks are separated in front of the glabella by a furrow. 

The author doubtfully figures a pj'gidium of this species. It 
has a similar form to that of the head of A. canadensis with the 
concave border all around the margin. The axis is obtuselj* cla- 
vate, and marked with two joints. The posterior joint is large 
and convex, extending quite to the concave border, where it is 
full half as wide as at the furrow which divides the two joints. 
The tubercle is situated in the transverse furrow and makes a 
small indentation in the edge of the posterior joint. 

Local' ti/. Point Levis, Quebec. 

Agnostus communis Hall and Whitfield, 1877. Plate ix, fig. 15. 

Diagnosis. — Head subparaboloid, wider than long. Surface 
strongly convex. Glabella nearly equaling j^ of the width of the 
head ; anterior third separated from the posterior lobe by a faint, 
transverse furrow. Central part of the glabella ornamented by 
an elongated and angular tubercle. Dorsal furrow distinct. 
Cheeks separated in front of the glabella by a groove. Basat 
lobes triangular. Limb flattened. Thorax unknown. 

The pygidium with a flattened limb, which is ornamented with 
lateral spines. Surface strongly convex ; in the anterior half, the 
dorsal furrow being directed gently inward for half their length, 
and then suddenly deflected outward, with a slight curvature, be- 
coming obsolete a little behind the middle of the length. An 
elongated angular node marks the axis near its anterior margin. 
Surface of the head and pygidium smooth. 

fjocnlity. White Pine, Nevada. 

This species is of the type Agnostus ci/elopyf/e Tullberg. 

AoNosTrs coLORADENsis Shumard, 1861. Plate ix, fig. 16. 
The description was drawn from a single example found in 
Burnet county, Texas, near the mouth of Morgan's creek; the 
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author states that there is no fissure extending from the glabella 
to the anterior margin. The absence of this groove may be due to 
the state of preser\'ation. This species agrees in every other re- 
spect with A. neon. Agnoatus neon differs from A, commuvis in 
minute points, especially in the absence of the tubercle on the 
glabella. 

AoNOSTUS ORION Billiugs, 1860 (cf. A. pisifonnis Linne). 

Plate IX, fig. 12. 

Ditignosu, — Length and breadth about equal, sub-circular, con- 
vex, a verj' narrow margin all around. Glabella not quite '^ the 
whole length, very convex ; a transverse furrow at one- third the 
length from the apex ; small triangular basal lobes without a median 
tubercle. Cheeks divided in front of the glal)ella by a furrow. 

Lomlity. Point Levis, Quebec. 

The same term was used by Barrande in 1846 for a species of this 
genus. If this species differs from A. pisifonnisit is only in the absence 
of the median tubercle, which may be due to its state of preservation. 
There is a slight indication of the tubercle on one of my cabinet speci- 
mens from Point Levis. A pygidium from the same locality is similar 
to that of Agnostus pistforinis. 

AciNOSTUs josEPHA Hall, 18()3. Plate ix, fig. 17. 

Diagnosis. — Head semi-elliptical, margined by a flattened or 
concave narrow limb; geual angles produced into short spines. 
Glabella prominent, narrow, extending about !f the length of the 
head, and crossed l)v a shallow furrow near the anterior end. The 
posterior lobe is marked by an obliciue furrow on each side; a 
small node on the summit at the anterior termination. The trian- 
gular space on each side between the transverse and oblique fur- 
rows is like-wise elevated into a low node. The posterior central 
portion is giblx)us. The bafal lobes small and triangular in form. 
Cheeks divided in front of the glabella by a furrow. Pygidium 
of the same form as the head. Axis prominent, subquadrate, 
wider than long, nearly ^ the length of the pygidium, bearing a 
node or short spine on its posterior extremity ; sides and bod}' of 
the pygidium, outside of the axis, highly convex. 

LoMlity. Trempealeau and elsewhere on the Mississippi about lake 
Pepin, Wisconsin. The species occurs with AnoiHOcare irisronsennis and 
Ptycha»pis grnnvhsa. 
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A0NO8TU8 RiCHMONi)EN8i8 Walcott, 1884. Plateix, fig. 11. 
DiagnosiH. — Head moderately convex, length and breadth equal. 
Glal)ella J the length and a little more than ^ as wide at the base 
than the width of the head; elongate, conical in outline, 
strongly defined by the ciorsal furrows, with the anterior third 
separated by a distinct transverse furrow ; a little less than mid- 
way between this furrow and the posterior margin, a short furrow 
penetrates from each side towards the base of a minute tubercle 
situated on the median line. Basal lobes small, triangular. 
Cheeks more convex than the glabella, separated in front of the 
glabella by a furrow. Limb narrow. Surface ornamented by 
slightly irregular depressed lines that indent the surface from the 
margin nearly to the edge of the strong dorsal furrows. Surface 
smooth under an ordinary magnifying power. 

Locality. Prospect mountain, Nevada. 

This species is identical with Agnostus americanus Billicgs. 

AoNOSTUS MALADENSis Meek, 1873, aff. Agnontus joaepha. 
The author proposes this name for a species from Malade City, 
Utah, which is closely allied to AgnustusjoHephn Hall, except that 
the specimens do not exhibit the spines on the genal angles of the 
head; the author remarks ''none of which are in a condition 
to remove all doubt on this point." 

Section LIHBATI. 
AoNosTUS BIDEN8 Meek. Plate x, fig. 5. 
DiugttoffiH. — Head moderately convex, slightly wider than long, 
bordered by a rounded margin with a strongly defined marginal 
groove. Glabella convex, narrow, more than ^ the length of the 
head, converging anteriorly, sub-angular in front; two oblique 
furrows posterior to the center enter from each side, and unite 
just in advance of a small node, on the center of an elevation, de- 
fined behind by a transverse furrow that bends backwards ; be- 
tween this furrow and the occipital furrow a narrow band extends, 
widening out laterally, forming the basal lobes. Dorsal furrow 
distinct. Cheeks convex and sloping rapidly to the marginal 
groove from the somewhat elevated central portion. Thorax un- 
known. The pygidium is armed with lateral spines, and is 
strongly convex. Axis conical, extending more than f of the en- 
tire length, ornamented with an elongated, angular tubercle on the 
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anterior portion, with a transverse furrow just before it, separating 

a narrow anterior portion; in some examples a faint transverse 

furrow crosses back of the tubercle. Surface of the head and 

pygidium finely granulose. 

Locality. Gallatin City, Montaaa, also in the Eureka District of Ne- 
vada and elsewhere. 

Agnostus TUMID0SU8 Hall and Whitfield, 1877. Plate x, fig 8. 
Diagnosis. — Head highly dome-shaped in outline, slightly con- 
tracted near the occipital border, very convex. Limb narrow, 
flattened. Dorsal furrow distinct. Glabella small, less than f 
as long as the head, conical and very convex, especially tumid in 
the lower part; the central tubercle marked near its edge by a very 
slight line which presents the appearance of a border surrounding 
it. Frontal lobe about \ of the length of the glabella. Basal 
lobes triangular and minute. Thorax unknown. The highly 
dome-shaped outline with the form and markings of the glabella 
distinctly mark this species. 

Locality, Eureka, Nevada. The species is of the type A. quadratus 
Tullberg. 

Agnostus interstrictus White, 1874. Plate x, fig. 6. 

Diagnosis. — This species of the tj'pe A. fallax Linrs. is ellip- 
tical in form with a smooth surface. The head is broader than 
long. Limb narrow, forming a narrow linear depression between 
it and that portion of the head which it incloses. Glabella bilobed, 
conical, well defined by the dorsal furrows, and sharply rounded 
in front. A minute tubercle on the median line; near the poster- 
ior end ; the frontal lobe is marked off l)v a shallow transverse 
furrow. Thorax of two joints, narrower than the head and 
pygidium, giving the lx)dy the appearance of l)eing constricted at 
the middle. Axis broad, both its joints tumid at the ends, where 
they reach the dorsal furrows; lateral lobes very narrow, pleura* 
about as wide as long, each pleura? tumid and rounded at the ex- 
tremities. Pygidium in form like the head. Axis a little longer 
than the glabella, moderately convex, with a minute tubercle on 
the median line near the anterior end. Sides between the mar- 
ginal furrow and axis convex. The lateral angles of the pygid- 
ium are produced into sharp spines. The basal lobes of the gla- 
bella are very minute. 

Locality, Antelope Springs, Utah. 
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Section L^VIGATI. The dorsal grooves marking the glabella 

and axis of the thorax and pygidium, are wanting or faintly indi- 
cated. Crust smooth, sometimes with slight indications of striae. 
Limb on the head disappearing; on the pygidium it becomes broad. 
{Agnostns hvvigatns, Dalm., plate X, fig. 3). 

A0NO8TU8 DisPARiLis Hall, 1863. Plate x, fig. 15. 
Diagnosis. — Head semi-elliptical, convex towards the posterior 
side, and abruptly sloping in front; length and breadth nearly as 
3 to 4, a little concave on the posterior margin and marked near 
the edge by a narrow groove on each side of the middle ; the centre 
slightly elevated close to the margin. The limb is a little wider 
in front than at the sides. The pygidium (?) is a little wider tlian 
long. The trilobation extends nearly to the posterior extremity, 
and is separated from it only by a narrow border. The axis is 
fully once and a half as wide as the side lobes, somewhat flattened 
on the summit, and very distinctly limited by the dorsal furrows. 
The pygidium figured with this species may be that of the genus 
Microdiscus. 

TA)caHty, Oseola Mills, on the St. Croix river, Wisconsin. 

Agnostus parilis Hall, 1863. Plate x, fig. 4. 
Diagnosis. — Head semi-elliptical; length and ])readth about 
equal, very convex in the posterior part, and curving downwards 
to the anterior margin. The central portion of the posterior part 
is limited by a faint curving groove; and anterior to its limits 
there is a slight elevation, which may have a node on the surface 
of the crust. The posterior margin, just within the angles, is pro- 
duced in a minute node. The limb gradually expands from the 
posterior angles to the front, where it becomes well defined. The 
pygidium is slightly truncated at the anterior angles, the marginal 
rim narrower towards the articulating border. The central part 
is slightly more elevated and limited l\y furrows diverging from 
the anterior margin. On the median line, at a point ^ the length 
from the front margin, there is a distinct elongated tubercle. 
Locality, Shores of lake Pepin. 

Agnostus prolongus Hall and Whitfield, 1877. Plate x, fig. 10. 
Diagnosis. — Head elongated, or very high dome-shaped in out- 
line. Surface depressed, convex in front and gradually rising to 
near the occipital border, where it becomes low, tumid. Glabella 
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•verj' indistinct, of cx)nical form, with triangular basal lobes. Limb 
narrow, somewhat, rounded, gradually fading out along the postero- 
lateral angles. Pygidiam (?) much like the head, but much shorter 
in proportion to its width. The axis occupies more than ^ of the 
width, short and rounded, olx»nical, oniamented b}' a node in its 
upper end, and divided across by a doubly cun-ed transverse fur- 
row near the lower end. Dorsal furrows distinct. Limb flattened. 
LocfUity. Eureka, Nevada. 

Section FALLACES. 
Agnostus seclusus Waloott, 1884. Plate x, fig. 16. 

Diagnosis. — Head strongly convex, a little longer than wide, 
writh a slight contraction posteriori}'. Liml) naiTow with a distinct 
groove between it and the cheeks. Dorsal furrows well defined. 
Basal lobes distinct. Glabella about half the length of the head, 
strongh* convex and squarely truncated in front; at about the an- 
terior third a l)road, short furrow penetrates on each side a short 
distance, and posteriorly a rounded node is separated from each 
lateral angle by slight furrows, forming the Imsal lo])es. The 
cheeks slope rapidly towards the marginal groove, on the sides 
and more gradually to the front. Surface finely granulose. 

Locality. Secret Canon shales, Eur*»ka District, Nevada. 

ASAPHUS ZONE. 

Section IV, ARTHRORHACHIS, type Agnostus tardus Barr. 
Agnostus galba Billings, 1805. Plate ix, fig. 6. 

The author descril)es in The Paljegzoic Fossils of Canada, Vol. 
1, 1865, p. 291, Agnostus gofha and ^4. f alius from Table Head 
-and Pistolet bay, Newfoundland, lioth these species are of 
Lower Siluric types, the first of Agnostus tardus Barr, and the 
second of A. hntiformis Aug. The species appear with the ^^w- 
ers, AsaphuSj Ilfo'iius and Triarthrus fischeri^ etc. 

Diagnosis. — Head strongly convex. Limb narrow. Glabella 
convex, strongly elevated above the general surface, occupying 
about Ij^ of the whole length of the head. Smooth, no tubercle, 
but with slight indentations on each side, at about the mid-length. 
Dorsal furrows distinct. Basal lobes triangular. Pygidium in 
•contour and convexity, like the head. Axis strongly convex, well 
defined all round l)y the dorsal furrows; a furrow runs all across 
At ^ the length from the apex ; a short one on each side at f the 
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length from the apex. The tubercle forms a longitudinal medium 
lobe in the anterior J of the axis. The tubercle is at the anterior 
margin, slightly elevated above the general convexity of the axis, it 
is less elevated just over the anterior pair of furrows, but behind 
this point it rises to twice the hight and terminates abruptly 
at the posterior furrow. The anterior lobes of the axis are dis- 
tinctly separated from the tubercle by a narrow groove; the 
second two are not. Surface apparently smooth, but with indi- 
cations of small wrinkles which unite with each other, so as to 
give a reticulated aspect, similar to that of ^1. reticuhitm Aug. 
The species differs from A. tardus Barr, in having a shorter axis 
in the pygidium, and in having the node of uniform hight its 
whole length. 

AoNosTUs FABius BilHugs, 1865. Plate ix, fig. 10. 
Diagnosis. — Head semi-elliptical, uniformly and moderately 
convex. Limb very narrow. Glabella scarcely elevated above the 
general surface, not defined in front; obscurely so in the posterior 
half b>' the doi'sal furrows, which are parallel, and disappear 
about the middle of the head. Basal lobes small, triangular. 
Pygidium slightl}- more elongated than the head. Limb narrow, 
flat. Axis about ^ the whole width; it has two pairs of transverse 
furrows, the posterior reaching the median line, where there is a 
small rounded tubercle, located slightly behind the mid-length of 
the axis. The anterior furrows are half way between the tuber- 
cle and the front margin, their inner extremities separated by 
about one-third the width of the axis. 



STRIATION OF ROCKS BY RIVER ICE.* 

J. E. Todd, Vermillion, S. Dak. 

Sixty years ago the striation of rocks was commonly as'>ribed. 
to the action of floating ice. For the past twenty-flve years these 
same markings have as generally been referred to the action of 
land-ice. So much is this the case now, that careful discrimina- 
tions seem to be largely neglected. Very few observations have 
been reported, which are clearly referable to glacio-natant action.. 
While it is quite generally admitted that berg-floe, or river-ice 

♦Published with approbation of State Geologist of Missouri. Thl9» 
paper was read before the Iowa Academy of Sciences, Dec. 29, 1891. 
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may striate, cases are rare where they have been shown to do 
such work. 

Croll, in '^Climate and Time," pp. 272-279, reviewing the ob- 
servations of Campbell and others about the gulf of St. Law- 
rence at various points, and along the St. Lawrenee and Ottawa 
rivers, concludes that floating ice does not striate. The only 
case he admits is one seen by Lyell at cape Blomidon, on the 
west side of the Basin of Mines, in a tidal channel where the 
conditions were similar, as we understand, to those in a river. 

Lj'ell, after searching diligently along the river below Quebec 
and at the falls of Montmorenci, concludes as follows: "In none 
of these places were any long, straight grooves observable, and I 
feel persuaded that any degree of freedom of motion in the rocky 
fragments forced along by small pieces of ice, or by flood of 
water, would be quite incompatible with the mechanical effects 
exhibited in what are called glacial grooves." (Travels in North 
America, 1841-2, Vol. 2, p. 115). From his method of speak- 
ing, it seems that he may have found striie, l)ut he was not so 
much endeavoring to decide whether the ice scnitcheif the rocks, 
as to determine if it could imitate so-called glacial grooviny. 

Chamberlin, in his Rock Scorings of the Great Ice Invasion, 
doubtfully refers some scratches in western New York, to the 
agency of ice-bergs. (7th Annual U. S. G S., p. 1(3()). 

Little has been published, so far as the writer has discovered, 
on striation by floating ice, and still less alx)ut the action of river- 
ice. It has been his privilege to gather several interesting facts 
which have the greater importance because of their rarity. 

Ten years ago, at Running Water, S. 1). , I first saw strite on 
chalk-stone a few feet above low water in the Missouri, so situ- 
ated that they could not be referred to glacial action, and to nothing 
ancient. The scratches were some of them 10 inches long, and 
bore S. 73^ E. They are on the north side of the river at the 
foot of clitfs above the landing. 

A few seasons after, I found unusual scratches among the 
many referred to glacial action, near Sioux Falls, Dak. They 
were deeper and rougher, with tapering ends and upon a boss of 
rock, apparently eroded from the south instead of the north. 
They were only a few feet above the present Big Sioux, a few 
rods distant. The longest were about 1 inches long, their direc- 
tion, N. 57® W., i. ^., parallel with the course of the river. 
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As both these localities were within the glaciated area, and es- 
pecially the latter, on the same level with striae commonly re- 
ferred to the action of land ice, their origin remained undecided 
in my mind. 

I sought for light upon the problem at every opportunity, as 
on limestone ledges along the Platte and Missouri rivers, but in 
vain. 

During the past season, it was my privilege to visit Cape 
Girardeau, Mo., and Grand Tower, III., while employed on the 
geological survey of the former state. At Cape Girardeau, 1 
found u|)on the ledges a little above low water, numerous scratches 
several inches long, having a direction S. 10-35° E., correspond- 
ing to the course of the river opposite. Here again there was 
doubt as to their origin, because although beyond the limits of 
extreme glaciation, it was not impossible that they might have 
been formed by artificial means, the slipping of pike or anchor, 
or the grazing of boats. They were near the main landing. 

The next day, I was rejoiced to find a much finer exposure of 
similar markings, a])0ut three miles above Grand Tower, on the 
east side of the river. Here everything seemed to conspire to 
give an unecjuivocal affirmative answer to the question, whether 
river ice did ever striate rocks. 

There is there a hard, even-topped stratum of dark limestone, 
jutting from the bank several yards, and dipping at a slight angle up 
stream and toward the bank. The steep bank, upon it and ex- 
tending further up the stream, is faced with large sandstone 
boulders. The dip of the rocks is 4-6° E. NE. The principal 
seams of the rock are N. 10-12° E. The surface, which was 
quite generally planed and striated, was 10 feet wide on an aver- 
age, and ()0-75 feet long. The direction of most of the striie 
was S. 10-11° W., and of a few, S. 18° W. The striated sur- 
face reached from the surface of the water up 2-3 feet above 
that level. A small patch toward the lower end was scratched 
S. 56° E. The striai were, if anything, more strictly parallel 
than in most glacial stria;. They were short, rarely more than 
three inches long. This was mainly due, it would seem, to the 
nodular and much cracked nature of the stone. One other pecu- 
liarity of the stone affected the form of the markings. Scattered 
through the rock were small V>lack grains, as if of iron oxide. 
These usually headed the narrow ribs separating the striae. 
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As if to leave no doubt, a long deep scratch, about four feet 
in length and about as high above the ledge, was made doubtless 
by the same agent, viz., river-ice, on the nearly vertical face of a 
large boulder. This was in the same direction* as the striae on 
the ledge below. 

The condition obtaining here and not in some of the other 
localities I had examined was the occurrence of numerous siliceous 
boulders at the nver margin, a little up-stream from the ledge 
showing abrasion. 

After this demonstration of the efficiency of river-ice, I had no 
difficulty in ascribing the cases previously noted to the same cause. 
1 would refer some, reported by others, to probably the same cause, 
viz. : Some reported to me by Prof. J. W. Spencer, as found at low 
Avater mark, at St. Louis, also some, reported to me some years 
since, by Prof. S. T. Trowbridge, from the vicinity of Glasgow, 
Mo. And less confidently those formerly seen and published by 
Dr. C. A. White, occurring at low water, at Omaha, Neb. 

Nor is the story complete, without adding an interesting case 
most recently observed, at Wellington, Mo. There, on a ledge 
near low water, not far from the depot, are a very few markings 
on a roygh horizontal ledge of limestone. The patches striated 
were in each spot less than three inches across, but the markings 
in each were parallel to one another. In the first spot the direc- 
tion was S. 45° E., on a surface dipping 4-5° to E. In the direc- 
tion of the stria; and 14 inches away was another patch, level, 
and striated S. 01° E. , and following that direction 18 inches, a 
patch sloping upward and striated S. 77° E. was found. Possi- 
bly this was all done by one floating block. 

The foregoing observations, seem to me to warrant the follow- 
ing conclusions: 

1. Planation and striation are sometimes the work of river- 
ice, armed with erratics. 

2. The localities most favoral)le for this phenomenon seem to 
be, on the outside of a bend, or near a strong current, near low 
water mark, and below a point where siliceous erratics lie near the 
water level. 

3. The dynamical conditions necessary are probably a sudden 
breaking up of the ice, before it is rotted by thawing, and with a 
flood to wield it. This, however, is largely conjectural. The proper 
conditions do not often occur in our present western streams. 
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4. Usually the stria? are parallel, as much so as in glacial 
action, and commonly on surfaces dipping up stream, but occa- 
sionally upon limited areas dipping down stream. 

While these facts may have no direct significance of practical 
value, they indirectl}' throw much light upon the possible origin 
of the extra-morainic drift, and of some ancient striated sur- 
faces outside of the moraines. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Bulletin of the Oeologicul Society of America. Proceedings of the Summer 
Meeting held at Washington^ August 24 and 25, 1S91. H. L. Fairchild, 
Secretary. Vol. lil, pp. 1-152; Issued March 9, 1892. 

A fine portrait of Prof. Alexander Wlnchell, the deceased president of 
the society, forms the frontispiece of this brochure, which contains a 
memorial sketch of him by his brother, Prof. N. H. Winchell. 

Many papers that were read at the meeting, a considerable number of 
them being by foreign geologists who attended the International Geolog- 
ical Congress, are presented, either entire or in abstract, including notes 
on a geologic map of South America, by Dr. Gustav 8teinmann, of Frei- 
burg, Germany; Thermometamorphism in Igneous Rocks, by Alfred Bar- 
ker, of Cambridge, England, discussing a great volcanic series of Ordo- 
vician ag-e in the English Lake District; The Plant-bearing Deposits of 
the American Trias, by Lester F. Ward, these deposits in the Connecti- 
cut valley, in New Jersey and Pennsylvania, Virginia and Marj'land, 
North Caroline, and New Mexico and Arizona, being all referred to the 
npper Keuper, near the summit of the Triassic system; Studies In Prob- 
lematic Organisms— the genus Scolithns (with numerous figures in the 
text), l>y Joseph F. James, who regards these worm-burrows as valueless 
for correlations; The Tertiary Iron ores of Arkansas and Texas (with a 
map), by K. A. F. Penrose, Jr., who concludes that The llmonlte ores as 
now found are the products of the oxidation of original Iron carbonate 
and sulphide; Sandstone Dikes In northwestern Nebraska (with illustra- 
tions In the text), by Robert Hay; The Eui^ptenis beds of Oesel as com- 
pared with those of North America, by Dr. Frledrlch Schmidt, of St. 
Petersburg, Kussla; On the marine beds closing the Jurassic and open- 
ing the Cretaceous, with the History of their Fauna, by Prof. Alexis 
Pavlow, of Moscow, HussIh; Quaternary Changes of Level In Scandinavia 
(with a map), by Baron Gerard de Geer, of the Geological Survey of 
Sweden (see the GEOLOorsT, Oct., 1891, p. 236); The **Black Earth** of the 
Steppes of southern Russia, by Prof. A N. Krassnof, of Clarkow, Kussla, 
a most Interesting comparison of the chernozem with the black prairie 
oil of the Missl^^/ppl basin; On the existence of the Dinotherium in Rou- 
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mania, by Prof. Gregolre Stefanescu, of Bucharest, Roumania; The Ehuo- 
4ite-Syeiiite of Beemerville, New Jersey, by James F. Kemp; Notes on 
the Texas-New Mexican region, by Robt. T. Hill, an admirable papet 
describing: (1) the Lafayette formation of gravel, sand and silt, rang- 
ing in altitude up to 5,500 feet and averaging 200 feet in thickness, on 
the Llano Estacado, the Edwards Plateau, and the Washington Prairies, 
(2) Lafayette and Columbia fluvial and lacustrine beds, ranging together 
to thicknesses of 500 to 1,000 feet, in basins of western Texas and New 
Mexico, surrounded by faulted and tilted mountain blocks, and (3) vol- 
canic areas of eastern New Mexico, having lavas which overlie these late 
Tertiary and Pleistocene formations; The Relations of the American and 
European Echinoid Faunas, by J. W. Gregory, of the British Museum of 
Natural History, concluding that these continents have been so united at 
times during the Miocene and Pliocene periods as to permit their echin- 
-oid faunas, before widely different, to become closely related, in a man- 
ner "wholly incompatible with the theory of the permanence of the great 
ocean basins;" The Missouri Coal Measures and the Conditions of their 
Deposition (with a map and seven ideal sections in the text), by Arthur 
Winslow; The Pelvis of a Megalonyx and other bones from Big Bone 
Cave, Tennessee, by James M. Safford (see the GEOiiOoiST, Oct., 1891, p. 
232); The Cienegas of southern California, by Eugene W. Hilgard, de- 
scribing alluvial fans of gravel, sand, and silt, which become reservoirs, 
with springs issuing on their lower portions and producing spots of ver- 
dure (cienegas) in otherwise arid tracts; The Chattahoochee Embayment, 
by Lawrence C. Johnson, describing Tertiaiy and Quaternary formations 
in western Florida; Peculiar geologic processes on the Channel Islands 
of California, by Lorenzo G. Yates; Inequality of Distribution of the 
Englacial Drift, by Warren Upham (see the Geologist, Oct., 1891, p. 239); 
Effects of Drought and Winds on Alluvial Deposits in New England, by 
Homer T. Fuller (1. c, p. 239); and A Deep Boring in the Pleistocene 
near Akron, Ohio, by E. W. Claypole (1. c, p. 239). 

Three papers read at this meeting are printed in separate brochures, 
namely, Preliminary Notes on the discovery of a Vertebrate Fauna in 
Silurian (Ordovician) strata (pp. 153-172, with three plates, issued March 
15, 1892), by Charles D. Walcott. describing remains of placoderm fishes 
in Lower Trenton strata at Canyon City, Colorado; Certain extra-morainic 
Drift Phenomena of New Jersey (pp. 173-182), and On the northward and 
eastward extension of pre-Pleistocene Gravels of the ^Mississippi Basin 
(pp. 183-186), both by R. D. Salisbury, issued March 31, 1893 (see the 
Geologist, Oct., 1891, \\ 238). 

The LfthradoT Coast: A journal of two summer cruises to that region^ with 
fUftes an i*8 early discovery, on the Kskimo, on its Physical Geography, Geol- 
ogy, and Natural History. By Ali'iieus Spring Packard, pp. 513; with 
many maps and lllustritions. (New York: N. D. C. Hodges, publisher, 
1891). This volume well presents nearly all that is k)iown concerning 
the geography, geology, fauna (both of land and sea), and fiora of Labra- 
«dor. The author's observations and discussion of the glacial phenom- 
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ena are especially valuable. Several of the maps, based largely oa 
exploratioos by the Moravian missionaries, have been drafted for thiS' 
work and are superior to any previously published. 

Exploration, on Grand River, Labrador. By Austin Gary. (Bulletin^ 
Am. Geog. Soc., Vol. xxiv, pp. 1-17, with a map; March 31, 1892). The 
Bowdoin College expedition in 1891 to the falls of the Grand river in> 
Labrador, of which a brief narrative is given in an appendix of Prof. 
Packard^s volume. Is here more fully reported. The largest fjord of 
Laorador, about 150 miles lon^r, known as Hamilton Inlet, terminating in 
lake Melville, receives at its head the Grand river. The distance along 
the river from its mouth to the falls is nearly 300 miles. For nine miles- 
next below the falls the river runs in a narrow postglacial cailou, 300 feet 
deep close to the falls and 800 to 1,000 feet deep at its lower end, where 
it opens, like the gorge below the falls of St. Anthony on the Mississippi, 
into a wide preglacial valley, whose upper part is occupied by a compar- 
atively small tributary. The cafion is eroded in the hardest crystalline- 
rocks, which form a plateau in that region about 2,000 feet above the sea; 
and the amount of its erosion, as of the gorges below Niagara and the 
falls of St. Anthony, affords a measure of the length of postglacial time. 
The vertical fall, probably due to systems of joints in the rocks, was esti- 
mated by Mr. Gary to be somewhat less than 200 feet, but has since been 
more reliably d*-termined to be about 300 feet. Strong rapids extend 
several miles both below and above the falls. 

On t/ie Osttiology of Afesohippus and LeptomeryXy ipith Obser cations on the 
Modea and Factors of E eolation in the Mammalia. By W. B Scott. (Jour- 
nal of Morphology, Vol. v, No. 3, pp. 104, with two double plates and 
nine figures in text). 

This is a worthy sequel to the admirable memoir on Pivbrotheriuta by the 
same author, briefly noticed in the November number of the Geolo(4I8T. 

The first 41 pages are occupied with a study of Mesohippus in its rela- 
tions to existing equine forms. 

The typical species of this genus M. bairdii, first referred by Leidy,. 
its describer, to the genus PaUwtfierium and later to AnMtherium, has 
usually been referred to the latter genus, but, as has been shown by 
Scoit*, belongs, by the non-invaginate enamel of its incisor teeth, to an- 
other genus, for which he has retained the name, Alesohippns. The genus- 
Mesohippus, originally proposed by Marsh on characters which, so far as 
different from those of Anchitherium, are of merely specific value, is thua 
saved literally "by the skin of its teeth." 

Of the two genera, Anchitlierium and Menohippus, the latter is regarded 
as the more primitive form, and it is questioned whether the former 
genus be in the line of equine descent and whether it do not rather form, 
a side branch. 

After a detailed description of the parts of the skeleton, a full-page- 
restoration is given, in connection with which Prof. Scott remarks: "The- 
successive genera of the horse species show for the most part a steady 

Hciencif. Vol. vn. 
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increase in size from the tiny Hyracotlierium of the Wasatch Eocene to 
the great animals of Post-pliocene times. Mesohippua^ however, has- 
not reached a large stature, advancing beyond its Bridger predecessor, 
Pachynolophus, much less in regard to size than in morphological differ- 
entiation ; the larger species of the Bridger genus are but little inferior in 
this respect to the smaller species of the White River form. In spite of 
its comparatively high degree of differentiation, Mesohippus was a very 
small animal compared with the recent horses, about the size of the New- 
foundland dog. The skeleton is essentially like that of existing E guides 
in character and appearance, but presents many striking points of differ- 
ence.'' Some of these points are as follows: Mesohippus as compared 
with Equus is characterized by its smaller skull, shorter face, larger and 
more anteriorly and inferiorly placed, posteriorly open orbits, its lesa 
massive, less opisthoca'lous, cervical vertebra?, differently shaped odon- 
toid process, long and well arched back, less flattened ribs, its slenderer 
limbs and decidedly greater length of hind-limbs relative to fore-limb» 
than in Equus, its complete though slender ulna, its functionally devel- 
oped second and fourth metapodials and splint-like metacarpal I. 

Concluding this part of his paper, the author observes: "There are 
thus many points of difference as regards the proportionate development 
of the various parts of the skeleton, betweeh Me^ohipp^m and EquuSy and 
these divergences, more especially the smaller and differently shaped 
head and the very slender tridactyl feet, give to the older type quite an- 
other physiognomy than that of the recent representatives of the group, 
even without taking into consideration its very much smaller size» 
Nevertheless, no one can examine the skeleton of the Miocene genus 
without being struck by its essentially equine nature; in the teeth alone 
is the fundamental similarity of plan not apparent at the first glance* 
though even here a careful examination reveals the connection very 
clearly. This similarity extends also to the earlier members of the equine 
series, for Hymcot/ierium from the lower Eocene belongs as unmistakably 
to this line as do any of the later genera. Indeed, one of the most strik- 
ing features of this phylum is the way in which its essential features, 
and even many apparently insignificant details, are, as it were, sketched 
out in very early times and then gradually elaborated, without deviation 
and without retrogression, until the final term of the series Is reached.'* 

In the second section of the contribution, nineteen pages are devoted 
to an account of the genus Leptomeryx, Including description of nearly 
all of the skeleton with a restoration of L. evantti I eldy, and a discus- 
sion of the problem of the systematic position of the genus. It Is found 
that In twenty-seven characters that especially mark the tragulines, 
Leptomeryx agrees with them in twenty-one, presenting on the other hand 
six more or less important points of relationship to the Pecora, 

Boas' view that the tragulines are a group of simplified ruminants de- 
rived from typical members of that series, by which Leptomeryx would be 
considered one of the direct ancestors of the tragulines. Is rejected, and 
it Is considered probable that "Leptomeryx Is a side-branch of the trag- 
uline stem given off before the extreme concentration of the tarsus char- 
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acteristic of existing members of that stem bad been acquired, and whicli 
has paralleled more or less exactly the characters of the Pec&ra in certain 
particulars; e, g,, the condition of the auditory bulla; and the constitution 
of the posterior cannon-bone." 

The remainder of the paper consists of two discussions: one **0n che 
mode of evolution in the Mammalia," the other **On some factors in the 
evolution of the Mammalia." 

The first of these is concerned chiefly with the paleontological evidence 
for parallel and convergent evolution. The evidence seems quite con- 
clusive that both modes have obtained, and **it follows with great proba- 
bility that many gemeric groups are not real expressions of relationship, 
but artificial assemblages of similar forms." The author points out the 
fallacy of Huxley *8 dictum that **it is more important that similarities 
should not be neglected than that differences should be overlooked." 
The evolution of the types selected for study, though with some fluctu- 
ation, is comparatively direct, and the plasticity of mammals is believed 
to Ehow marked limitation. **In every formation, the majority of species 
appear to die out without leaving any successors behind them, and too 
early a specialization would seem to be fatal to the perpetuation of a 
group. With rare exceptions the progenitors of permanent lines seem 
to be those forms which have not strayed too far in any direction from 
the safe middle course." 

To the general rule that among mammals differentiation is by reduc- 
tion in the number of parts, exceptions are noted; and the probability is 
indicated that evolution does not always proceed at a uniform rate. 

The part *^0n some factors In the evolution of Mammalia" deals chiefly 
with Weissman*s theory of heredity and the "dynamic theory." While 
commending the former as having called renewed attention to funda- 
mental questions, the author does not accept it, considering that it con- 
fuses, rather than explains, the phenomena of heredity. The "dynamic 
theory," on the other hand, though presenting a difficulty In understand- 
ing how changes in the periphery can modify the germ-plasm in such a 
way as to reproduce the new characters in the offspring, is regarded as 
much more consistent with the data of paKneontology. 
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Rocks of the Niagara Agb in Indiana. — In the March (1891) number 
of the American Geologist, page 178, the writer selected Saint Paul, De- 
catur county, as a typical locality for the state, giving what was consid- 
ered to be a complete representation of the Niagara strata. Since then 
the writer has traced the rocks to the Ohio river and found the fossil lay- 
ers in the northern part of Jefferson county, on a little stream by the 
name of Big creek, to be a distinct bed and lower than any strata at St. 
Paul. This stratum consists of a calcareous shale from ten to fifteen feet 
in thickness; it immediately underlies the massive homogeneous quarry 
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bed of St. Paul, Harrisi City, Greensburg aod Osgood. The following is 
a connected section of the Niagara r«)cks of the state: 

No. 5. Bine shale (The Waldron fosi»il bed*, 10 feet>. Seen on Mill creek, a short dis- 
tance above the point where it flowx into Flat Rock. 

No. 4. Thinly laminated limestone miarrie^ at St. Panl, thickness 15 feet; containing 
Pij*ocri/iuA gernmfformia S. A. Miller; P. alobonue Ringueberg; "pear shaped crin- 
oid;"* Stephanocrinns osgoodensls 8. A. Miller. 

No. 4. Cherty beds, containing thin plates of limestone in which are found the same fos- 
sils as in No. d, thickness 15 feet, on Flat Rock, St, Paul. 

No. 2. Heavy laminated quarry rock, containing fossils in No. 3 but not in such profu- 
sion, the upper or "llagsrinjr"' layers containing in addition cystids and large cephal- 
opodi*, (ryroreran elrodi White, Orfhoceran an ft utatutii Sowerby. St. Paul, Greens- 
burg, Harris City, Osgood and on Bigcreek, Jefferson county. 

No. 1. Calcareous shale, thickness 15 feet. Seen on Big creek, Jefferson c ounty, ccn 
taining large specimens of CaryocrinnH ornntus^ Ilolycystites and StephanocrinuH 

It was also stated in the former paper that no Caryocrinus had been 
found in the state; several small species, which up to date are new, 
have been found at St. Paul, while bed No. 1 of above section contains 
Caryociinus ornatus of enormous size, the hight of the calyx of one spec- 
imen seen being three inches. 

The following general observations may be made: 

In the northern part of the state only small species, such as Pisocrinus, 
have been found; at St. Paul the specimens are larger and a great num- 
ber of Swedish genera occur such as Calllcrinus, Carpocrinus, etc., and 
small cystids, while at Greensburg and Harris City Stephanocrinus pre- 
dominates, and at Osgood the "pear shaped crinoid" reaches its greatest 
size. In the lowest bed, that on Big creek, .Jeiferson county, the cystids 
become enormous in size. 

Recently the writer has exchanged specimens with Prof. Gustaf Lind- 
Strom, of Sweden, and finds that the corals of Sweden are nearer those of 
this lower bed than any other. Charles S. Beachler. 

Crawfovdscille, Ind., May 12, 1892. 

Prizes Awarded by the Boston Society of Natural History. — 
A grand honorary prize placed at the disposal of the Boston Society of 
Natural History by the late Dr. William J. Walker "for such investiga- 
tion or discovery as may seem to deserve it, provided such investigation 
or discovery shall have been made known or published in the United 
States at least one year previous to the time of award" has been unani- 
mously awarded to Prof. James D. Dana. In recognition of the value of 
the scientific work of Professor Dana and in testimony of the society's 
high appreciation of his services to science the maximum sum of one 
thousand dollars has been awarded. 

For the annual Walker prizes a first prize of one hundred dollars has 
been awarded to Baron Gerard de Geer, of Stockholm, for an essay enti- 
tled "On Pleistocene Changes of Level in Eastern North America," and 
a second prize of fifty dollars to Prof. William M. Davis of Cambridge for 
an essay on "The Subglacial Origin of Certain Eskers." 

May 2, 1802, Sam'l Henshaw. 

*The "pear shaped crinoid"" has been figured by Mr. 8. A. Miller in Advance sheets of 
17th Indiana report as Bophocrinus howardl. 
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Deltas of the Hudson and Mohawk Valleys — The interesting let- 
ter in your last number (p. 344) by Mr: Taylor, and bis able article in the 
American Journal of Science for March, give very clear descriptions of 
deltas in the Mohawk valley and of shore lines on the upper Laurentian 
lakes, which he refers to the presence of the sea since the recession of 
the ice-sheet. While thanking him for the excellent descriptions of these 
deltas and shore lines, I wish to offer an alterniitive view, showing how 
the Hudson and Mohawk deltas may be well. explained by a glacial lake, 
which seems to me to be the only explanation consistent with the com- 
plete absence of Champlain or postglacial marine fossils from these val- 
leys and from all the area of the great Laurentian lakes. This explana- 
tion appeals to the receding continental ice-sheet as the northern and 
oortheastem barrier of great glacial lakes in the northeastwardly descend- 
ing St. Lawrence basin, until the farther departure of the ice admitted 
the sea into the then depressed St. Lawrence and Ottawa valleys and 
basin of lake Champlain. These glacial lakes and the Champlain de- 
pression of the country northward have been demonstrated by the work 
of Gilbert, Chamberlin, Leverett and others. 

On what portion of the St. Lawrence basin did the ice-sheet continue 
latest as a barrier of lake Iroquois, the glacial lake which outflowed 
through the Mohawk valley, and afterward by the way of lake Cham- 
plain to the Hudson? This is answered by finding where the ice at the 
time of its departure was thickest upon the St. Lawrence valley, so that 
its latest movements were thence southwesterly toward the lake Iroquois 
and easterly toward the gulf of St. Lawrence; and this area, as shown by 
the directions of glacial stria? and transportation of the drift, was the 
vicinity of Quebec. 

When the ice blockade was removed, the northward depression of the 
land, which had been slowly rising (as I have shown in Bulletin, G. S. A., 
vol. ii, pp. 258-265), was still suflJcient to permit the sea to flow in where 
a great extension of lake Iroquois had previously existed. The incur- 
sion of the sea, at a somewhat lower level than had been held by the 
glacial lake, reached to the south end of lake Champlain, to the Thousand 
islands at the mouth of lake Ontario, and to Pembroke in the Ottawa 
valley, seventy-five miles above the city of Ottawa. To these limits the 
marine fossils of the Champlain submergence are present in beds of clay 
and sand overlying the till . Their maximum observed h ight above the sea 
is 520 feet at Montreal, from which their upper limit declines southwest- 
ward to about 250 feet near the mouth of lake Ontario, southward to 
probably a less hight at the south end of lake Champlain, and eastward 
to zero in Nova Scotia. The frequent occurrence of Champlain marine 
fossils to these limits shows the formerly much increased extent of the 
gulf of St. Lawrence; but on the other hand the absence of such fossils 
westward from the mouth of lake Ontario and in the Hudson and Mohawk 
valleys marks areas where the shore lines and deltas of former bodies of 
water are referable to glacial lakes, not to the sea. If a strait of the 
ocean had occupied the Hudson valley at the time of the Champlain 
submergence, tidal currents must have swept to and fro through the val- 
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ley, giving the most favorable conditloDS for the incoming of the marine 
fauna. 

The physical features of the deltas so well described by Merrill, Davis 
and Taylor along the Hudson and the Mohawk are all satisfactorily at- 
tributable to the presence of a glacial lake, which I have called lake 
Hudson-Champlain, dammed on the north by the retreating ice-sheet 
and held somewhat above the sea level by a greater elevation of the land 
at the mouth of the Hudson and southward. The submarine continua- 
tion of the Hudson river channel is submerged only 2u0 to 250 feet for a 
distance of nearly ninety miles southeastward from Sandy Hook, and I 
believe that this area during the Champlain epoch was a land surface 
across which the Hudson river outflowed from the glacial lake of the 
Hudson and Mohawk valleys, and later from lake Iroquois when the de- 
parture of the ice east and north of the Adirondacks allowed these lakes 
to become united* 

A seesaw movement daring the Recent epoch, uplifting the land at 
the north and depressing it at the south, has given to the deltas of the 
Hudson and Mohawk their increase in altitude from south to north, and 
has raised the old sea shore at Montreal to a hight of more than 500 
feet; while the channel of the Hudson has been carried down so that the 
sea now sends its tide to Albany, the sinking of the mouth of the river at 
the Narrows having been at least 100 feet, according to Merrill, and the 
subsidence farther southward along the submarine channel probably 200 
to 300 feet. This movement indeed appears to be still continued on the 
New Jersey coast at the present rate of perhaps two feet in a hundred 
years. Warren Upham. 

Somerville, Mans.^ May .9, 1S92, 
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Report of a Committee on the Claims of Willard Glazier. 

8t. Paul, Minn., May 1>, 1892. 

To the E.c€cnfii'( Council of flu JStaff Historical Society of Min- 

iiesoto. 

The special committee appointed by you to consider the com- 
munication of Capt. Willard Glazier relative to his alleged dis- 
<50very of the true source of the Mississippi river, has to report 
as follows: 

1st. His charts are hydrographic and topographic misrepre- 
sentations. 

2d. His claim that among his assistants were noted geogra- 
phers and expert engineers, is a )K>\d fiction apparently devised to 
mislead the credulous. 

3d. Many of his assertions are willful perversions of well 
-established geographic and historic facts, and others betray a 
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gross, and in the light of his claims, culpable ignorance concern- 
ing the country sui rounding the head waters of the Mississippi. 

4th. In tone, Capt. Glazier's statements are discourteous to- 
this society and its representatives; to the faithful living engi- 
neers and explorers who preceded and followed him ; and a dis- 
honor to the memory of Morrison, Schoolcraft^ and Nicollet. 

5th. Throughout, Capt. Glazier, as on all other occasions- 
when he has discussed this matter, seems by reason of vanity, 
and a desire for commercial profit to seek a cheap notoriety, the 
only thing in the light of real discoveries and explorations that 
is left to him. 

For the reasons cited, your committee would respectfully rec- 
ommend that the communication of Capt. Glazier be tabled as in 
every sense unworthy of your adoption. 

rX. H. Kirk, 
Signed \ J. V. Brower, 

L N. H. WlNCIIELL. 

The Ohio Academy of Science, organized at Columbus, Dec. 
31, 1891, will hold its Summer or Field meeting, June 3 and 4, 
at Akron, in the valley of the Cuyahoga, the guest of the Akron 
Scientific club. The president is E. W. Claypole, and the secre- 
tary is W. R. Lazenby. 

The Wisconsin Academy of Sciences, Arts and Letters 
will have a field meeting at Green Lake, six miles from Ripon, 
Wis., June 2, 3 and 4, diversified by various scientific excur- 
sions, and by a literary program. Announcement is made by. 
the secretary. Prof. W. H. Hobbs. 

Mr. George H. Barton spoke on the evening of April 20th 
before the Boston Society of Natural History on the progress made 
during last year in his work for the U. S. Geological SurVey in 
mapping the drnmlins of Massachusetts. The number already 
mapped exceeds 1,100, and it is estimated that the whole number 
of these drift hills in the state is about 1,.500. 

Prof. I. C. Russell, of the U. S. Geological Survey, has been 
appointed to the professorship of geology at the University of 
Michigan, long held by the late Alexander Winchell. 

The Legislature of the State of New York has appro- 
priated eighteen thousand dollars to carry forward the paleonto- 
logical work of the Geological Survey,, providing for the publica- 
tion of Vol. vin of the paleontology of the state; also five 
thousand dollars * 'for the completion and publication of the geo- 
logical map of the state of New York,, under the supervision of 
the state geologist, and in co-operation with the director of the 
United States geological survey;" also two thousand dollars to- 
obtain records and specimens of the deep shafting by the Livonia 
Salt company. 
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